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LVGTGMEHVSAKDSGAAVVSKYAGIVERVTAKEIWVRRIEEVDGKETKGDLDKYKLQKFV
IVGTGMEYVSAKDSGAAIICKHRGIVERVEAKEIWVRRLI EVDGKEVKGDLDKYRLLKEV
IVGTGMEYVSAKDSGAAVICKHRGIVERVEAKEIWVRRLI EVDGKEVKGDLDKYRLLKEFV
LVGTGMEYKAAKDSGVCVVAKHDGI IEKVSGNEIWLRRQEEVDGRLVSGNITKFKLHKFM
LVGTGMEYQAAKDSGVCVVSKHNGVVERVTAREIWVREEAVVDGQVVKGNVHKYKLIKFA
ckkkkkk .y skkkkk .y Kk kyaikok | kkk gk Ahk Lkr Kk kK

RSNQGTSYNQRPIVKEGDVVEKREILADGPSMEKGEMALGRNVLVGFMIWEGYNYEDATI
RSNQGTSYNQRPIVREGDRIEKREILADGPSMEMGEMALGRNVLVAFMIWDGYNYEDATI
RSNQGTCYNQRPIVKKGDIVEKGEILADGPSMDKGELALGRNVLVAFMIWDGYNYEDATI
RSNQGTCYNQRPIVKKGDIVEKGEILADGPSMDKGELALGRNVLVAFMIWDGYNYEDATI
RSNQGTCINQRPLVLEGORVKAGDILADGPSTEQGELALGRNVVVAFMTIWEGYNYEDAIL
RSNQNTCLNQRPIVREGDRVKVGDILADGPATQNGELALGRNVLVAFMTWEGYNYEDAIL

*hhkk k| khkkk .k k. shkk v kk ok, kkshhkhhhkh ok Fhdh Ak dhdhd,

LSERLVKDDVYTSIHIEEYESEARDTKLGPEEITRDIPNVGEDALRNLDERGIIRVGAEV
LSERLVKDDVYTSIHIEEYESDARDTKLGPEEITRDIPNVGEDALRNLDERGIIRIGAEV
MSERLVKEDVYTSIHIEEYEAESRDTKLGPEEITRDIPNVGEDALKNLDERGIVRIGAEV
MSERLVKEDVYTSIHIEEYEAESRDTKLGPEEITRDIPNVGEDALKNLDERGIVRIGAEV
LSEKLVKEDVYTSIHIEEYESEARDTKLGPEEITRDIPNVGEDALKNLDERGIIRVGAEI
ISEKMVKEDVYTSIHIEEYEIEARDTKLGPEE ITRDIPNVGEDALKNLDERGIIRIGAEI
R R L e P L e P ]
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KDGDILVGKVTPKGVTELTAEERLLHAIFGEKAREVRDTSLRAPHGGDGIVLDVKIFNRE
KDGDILVGKVTPKGVTELTAEERLLHAIFGEKAREVRDTS LRAPHGGDGIVLDVKIFNRE
KDGDLLVGKVTPKGMTELTAEERLLHAIFGEKAREVRDTSLRVPHGGGGIVLDVKVENRE
KDGDLLVGKVTPKGMTELTAEERLLHAIFGEKAREVRDTS LRVPHGGGGIVLDVKVENRE
GAGDILVGKVTPKGVTELTAEERLLHAIFGEKAREVRDTSLRVPHGTDGIVVDVKVEFTHE
TTNDILVGKVTPKGVTELTAEERLLHAIFGEKAREVRDTSLRVPHGGAGIVVDVKVEFTRE

LKk kk ok k ok ok ko kkkkh ok ok kA ok kkkk kb ok kk Ak ok k| Kk ok ok khkk  okkk ok ok

DGDELPPGVNQLVRVYIVQKRKIHEGDKMAGRHGNKGVISRILPEEDMPYLPDGTPIDIM
DGDELPPGVNQLVRVYIVQKRKINQGDKMAGRHGNKGVISRILPEEDMPFLPDGTPVDIM
DGDELPPGVNQLVRVYIVQKRKISEGDKMAGRHGNKGVISRILPEEDMPFLPDGTPIDIM
DGDELPPGVNQLVRVYIVQKRKISEGDKMAGRHGNKGVISRILPEEDMPFLPDGTPIDIM
NGDELPPGVNQLVRVYIAQKRKISQGDKMAGRHGNKGVIARILPEEDMPFLPDGTPVEVV

NGDELPAGVNQLVRVYVAQKRKI“EGDKMAGRHGNKGVVARILPEEDMPFLEDGTPVEIV
shEKKK Kk hhhRAhh, Ahhhkh AR KRRRRKRAhhhhhy chhhhhhhhd  h Khhh,,

LNPLGVPSRMNIGOVLELHLGMAARRLGLHVASPVFDGASEEDVWATLEEAGMARDGKTI
LNPLGVPSRMNIGQVLELHLGMAARKLGIHVASPVFDGASEEDVWGTLEEAGMARDGKTI
LNPLGVPSRMNIGOVFELHLGMAAKKLGLHIASPVFDGATEEDVWNILEEAGMARDAKTV
LNPLGVPSRMNIGQVFELHLGMAAKKLGLHIASPVFDGATEEDVWNILEEAGLARDAKTV
LNPLGVPSRMNIGQVLEVHLGMAAKQLGIHVATPVFDGAHEYDVFDTMEEAGMORNGKTK
LNPLGVPSRMNIGQVLETHLGMAAKVLGLKMATPVFDGRKPEDVFETLREAGLPEDGKQV

dhhkkhhhhhhdhhddk .k hhkbhddk . *ok. ki hkkhk ok koo c o kkk

LYDGRTGEPFDNRVSVGIMYMIKLAHMVDDKLHARSTGPY SLVTQQPLGGKAQFGGQRFG
LYDGRTGEPFDNRVSVGIMYMIKLAHMVDDKLHARSTGPY SLVTQQPLGGKAQFGGQRFEFG
LYDGRTGEPFDNRVSVGIMYMIKLAHMVDDKLHARSTGPY SLVTQQPLGGKAQFGGQRFG
LYDGRTGEPFDNRVSVGIMYMIKLAHMVDDKLHARSTGPY SLVTQQPLGGKAQFGGQRFEFG
LYDGRTGEEFEREVIVGVMYMIKLAHMVDDKIHARSTGPYSLVTQQOPLGGKAQFGGQRFEFG
LYDGRTGEPFENRVIVGYVYMMKLHHLVDDKIHARSTGPYSLVTQQPLGGKAQFGGQRFG

L I R L N R A R

EMEVWALEAYGAAYTLQEILTVKSDDVVGRVKTYEATVKGENVPEPGVPESFKVLIKELQ
EMEVWALEAYGAAYTLOEILTVKSDDVVGRVKTYEAIVKGENVPEPGVPESFKVLIKELQ
EMEVWALEAYGAAYTLQEILTVKSDDVVGRVKTYEAIVKGENIPEPGVPESFKVLIKELQ
EMEVWALEAYGAAYTLQEILTVKSDDVVGRVKTYEAIVKGENIPEPGVPESFKVLIKELQ
EMEVWALEAYGAAYTLOQEILTVKSDDVVGRVKTYESIVKGENVPEPGVPESFKVLIKELQ
EMEVWALEAYGAAYTLQELLTVKSDDVVGRVKTYEATVKGENVPEPGVPESFKVLIKELQ

Kk kkkhkhhhhh ok hk ok ok hkh bk h ok kb ok, kkhh bk sk khhkk kb bk rkk kx

SLGMDVKMLSSTEEEIEMKELDDEDEQASDKLNLNIDSTE - - -
SLGMDVKMLSSNEEEIEMRELDDEEDQTSEKLNLNLETNE - - -
SLGMDVTILT----------=--=-----—-—----—-————--——--~--
SLGMDVTILT------------=-----—-—---—————--~--~--
SLGMDVKILSGDEEEIEMKELDDEDDAGSDKLNLNLEGAEMG -

SLGMDVKILSGDEREIEMKEMDDDED - SPDKLNLNLEYNEVGD
hAk KRR |k
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VYPLLDVNKFEYMKIGLASPEKIRSWSYGEVKKPETINYRTLKPEKDGLFCERIFGPTKD
- - -MLDVNKFEYMKIGLASPEKIRSWSYGEVKKPETINYRTLKPEKDGLFCERIFGPTKD
---MIDVNNFEYMKIGLASPDKIREWSYGEVKKPETINYRTLKPEKDGLFCERIFGPQKD
---MIDVNNFEYMKIGLASPNKIRSWSRGEVKKPETINYRTLKPEKDGLFCERIFGPQKD
- - -MMDVNNFEFMKIGLASPDKIREWSRGEVKKPETINYRTLKPEKEGLFCEKIFGPTKD
MHKLFDLNNFEFMKIGLASPEKIRSWSHGEVKKPETINYRTLRPEKEGLFCEKIFGPTRD

sk ik okk AR A KKK KK AAAKRAR AK AR AR AR IR I ARk ok hh ko h Ak A hh K

WECHCGKYKRVRYKGVVCDRCGVEVTRSKVRRERMGHIELAAPVSHIWYFKGIPSRMGLV
WECHCGKYKRVRYKGVVCDRCGVEVTRSKVRRERMGHIELAAPVSHIWYFKGIPSRMGLV
WECHCGKYKRVRYKGVVCDRCGVEVTRAKVRRERMGHIELAAPVSHIWYFKGIPSRMGLV
WECHCGKYKRVRYKGVVCDRCGVEVTRAKVRRERMGHIELAAPVSHIWYFKGIPSRMGLV
WECHCGKYKRVRYKGVVCDRCGVEVTRQKVRRERMGHIELAAPVSHIWYFKGIPSRMGLA
WECHCGKYKRIRYKGVVCDRCGVEVTRSKVRRERMGHIELAAPVSHIWFFKGIPSRMGLI

KAKKKRIRIIK c RARFIRIRFRRAIIRAR AF AR AR AR IR IR AR I AR A kK AR AR AR Ik *

LDMSPRALEEVIYFASYVVTDPGDTPLEKKQLLSEKEYRAYREKYGQSFQASMGAEAIKK
LDMSPRALEEVIYFASYVVTDPGDTPLEKKQLLSEKEYRAYREKYGQSFQASMGAEATKK
LDMSPRALEEVIYFASYVVTESGDTPLDKKQLLSEKEYRAYRDRYGSTFQAAMGAEATIKK
LDMSPRSLEEVIYFASYVVTDPGDTPLEKKQOLLSEKEFRAYLDKYGRSFTAQMGAEAIRK
LDMSPRSLEEIIYFASYVVTDPGDTPLEKKQLLSEKEYRSYREKYGYAFQAGMGAEAVKK
LDMSPRALEEVIYFASYVVTDPGDTPLEKKQLLSEKEYRSYREKYGYAFKAGMGAEAIRT
hhkkkkk chkk kkhhkdhkk . hkkhk . hkkkkkhkk ko k o okk ok Kk kkkkk. .

LLQDIDLDKEVATLKEELKTAQGQRRARIIKRLEVLESFRSSGNDPAWMVLDVLPVIPPE
LLOQDIDLDKEVAALKEELKTAQGQRRARITIKRLEVLEAFRSSGNDPAWMVLDVLPVIPPE
LLODIDLDKEVDFLKEELKTAQGQORRTRAIKRLEVLEAFRNSGNEPSWMILDVLPVIPPE
LLMDIDLDKEVDGLKEELQTAQGORRTRAIKRLEVLEAFRNSGNEPSWMILDVLPVIPPE
LLQDIDIDKEVDVLKEELRTAQGQRRNRAIKRLEVMEAFRNSKNKPDWMILDVLPVIPPE
LLQEIDLDREVEILREELRTAQGQORRNRAIKRLEVIEAFRQSGNKPSWMILEALPVIPPD

kh kk ok okk R KEK L REERERE K KRR ARK k. kk K ok k kk k. Kk kkk K,

LRPMVQLDGGRFATSDLNDLYRRVINRNNRLKRLLDLGAPNIIVONEKRMLQEAVDALID
LRPMVQLDGGRFATSDLNDLYRRVINRNNRLKRLLDLGAPNI IVONEKRMLQEAVDALID
LRPMVQLDGGRFATSDLNDLYRRVINRNNRLKRLLDLGAPSIIVONEKRMLQEAVDALID
LRPMVQLDGGRFATSDLNDLYRRVINRNNRLKRLLDLGAPSIIVONEKRMLOEAVDALID
LRPMVQLDGGRFATSDLNDLYRRVINRNNRLKRLLDLGAPDI IVOQNEKRMLQEAVDALID
LRPMVQLDGGRFATSDLNDLYRRVINRNNRLKRLLDLGAPDI IVOQNEKRMLQEAVDALID

LR R A R R R R R R R

NGRRGRPVTGPGNRPLKSLSHMLKGKQGRFRQNLLGKRVDYSCGRSVIVVGPNLKMYQCGL
NGRRGRPVTGPGNRPLKSLSHMLKGKQGRFRONLLGKRVDY SGREVIVVEGPNLKMYQCGL
NGRRGRPVTGPGNRPLKSLSHMLKGKQGRFRONLLGKRVDYSGREVIVVGPNLKMYQCGL
NGRRGRPVTGPGNRPLKSLSHMLKGKQGRFRONLLGKRVDYSGRSVIVVGPNLKMYQOCGL
NGRRGRPVTGPGNRPLKSLSHMLKGKQGRFRONLLGKRVDYSCGRSVIVVGPSLEKMYQCGL
NGRRGRPVTGPGNRPLKSLSHMLKGKQGRFRONLLGKRVDY SGREVIVVGPELRMYQCGL

B R R R R R R N P R

PKEMALELFKPFVMKELVERGLAHNIKSAKRKIERVHPEVWDVLEDVIKEHFVLLNRAPT
PKEMALELFKPFVMKELVERGLAHNIKSAKRKIERVHPEVWDVLEDVIKEHPVLLNRAPT
PKEMALELFKPFVMKELVEKGLAHNIKSAKRKIERVQPEVWDVLESVIKEHPVLLNRAPT
PKEMALELFKPFVMKELVSKGLAHNIKSAKRKVERVOPEVWDVLEEVIKEHPVLLNRAPT
PKEMALELFKPFVMKELVNKQLAHNIKSAKRKVERVSPEVWDVLEEVIKEHPVLLNRAPT
PKEMALELFKPFVMKELVARGLAHNIKSAKRKVERVSDEVWDVVEDVIKQHPVLLNRAPT

KhRKk KRR KT R EAR A KKK I K hhkhkkkhhkhdk . hhk Khkkk ok Khk KRR AARF R AR
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LHRLGIQAFEPTLVEGRAIRLHPLVCTAYNADFDGDOMAVHVPLSAEAQAEARLLMLAAQ
LHRLGIQAFEPTLVEGRAIRLHPLVCTAYNADFDGDOMAVHVPLSAEAQAEARLLMLAAQ
LHRLGIQAFEPTLVEGRAIRLHPLVCTAYNADFDGDOMAVHVPLSSEAQAEARLLMLAAQ
LHRLGIQAFEPTLVEGRAIKLHPLVCTAYNADFDGDOMAVHVPLSAEAQAEARILMLAAQ
LHRLGIQAFEPILVEGRAIMLHPLVCTAYNADFDGDOMAVHVPLSAEAQAEARILMLAAG

LHRLGIQAFEPVLVEGRAIKLHPLVCTAYNADFDGDOMAVHVPLSAEAQAEARLLMLAAH
L A s R T

NILNPKDGKPVVTPSQODMVLGNYYLTMEREGAIGEGMVFKDTDEALLAYHNGYVHLHSRI
NILNPKDGKPVVTPSQDMVLGNYYLTMEREGAIGEGMVFKDTDEALLAYHNGYVHLHSRI
NILNPKDGKPVVTPSQDMVLGNYYLTLEREGAIGEGMVFKDANEALLAYQNGYVHLHTRV
NILNPKDGKPVVTPSQDMVLGNYYLTMEREGAKGEGSVFKDTNEALIAYQONGYVHLHTRI
NILNPKDGKPVVTPSQDMVLGSFYLTTDNKHAKGSGMILRSVHEAFSVYQNGTAELHARV

NILNPKDGKPVVTPTQDMVLG“YYLTIEREGAPGEGKVFA“V“EVEYALHQRLITLQTRI
Ik kkkkkkkkkkk ks kR ARk kKK o . ok k k..

ATHAGSLKNETFTPEQNNKLLLTTVGKLIFNEILPKSFPYINEPTTENIEGRTP-DKYFL
ATHAGSLKNETFTEEQNNKLLLTTVGKLIFNEILPNSFPYINEPTTENIEGRTP-DKYFL
AVAASAVNNATFTEEQKSMLLLTTVGKLIFNEILPESFPY INEPTNSNLEKETP-AKYFV
AIPVASLGKTTFKEEQNSQLLLTTVGKLIFNEILPESFPYVNEPTAHNLEVETP-SKYMV
AIPAKALNKISFTDKQODAYLITTIGKIIFNEIFPKDFPYINQSTTSNLMHGPS-DDYFA
ALPAKAVGKTSFTEKQANALLITTPGKLIFNSIFPSDFPYLNSAAKSNLLGGPP DDTFI

LN T S LR NS N R L P T

-DKGVDVREEIRKRELVPPFKKKVLGQIIAEVFKRFKITETSKMLDRMKDLGFQYSTKAG
-DKGVNVREEIRKRELVPPFKKKVLGQIIAEVFKRFKITETSKMLDRMKDLGFQYSTKAG
-EKGANIKEIIASREEVAPFSKKILGNIIAEVFKRFKITETSRMLDRMKNLGFKYSTKAG
-PTSTNVKELFQERDVVAPFKKGFLGNIIAEVFKKFKITETSKMLDRMKDLGFKYSTKAG
FEKGSDIRAKMEELPECKAVGKDYLGSITIAECFRKYHTTETSIILDKVKQLGFTYSTKAG
FEKGVDIREAILKRPIPKAVIKKDLGNILAECFRRYGTTMTAEILDKVKRLGFHYSTLAG

* *k  kekk koo k ki skk. ok kkk kkk kK

ITIGVSDIVVLPEKQEILDEAQAKVDTVLKQFRRGLITDEERYERVISVRSAAKDKIQDR
ITIGVADIVVLPEKQEILDEAQAKVDTVLKQFRRGLITDEERYERVISIWSAAKDKIQDR
ITVGVSDILVLGEKDEILHEAQAKVDNVIKQFRRGLITEEERYDRVISIWSNAKDVIQGK
ITVGVADIVVLPEKKEILAEAEKKVDRVLKQFRRGLITEEERYDRVISIWSEAKDVIQDK
ITVAVADVIVPKEKQEILKESEQKVQTITNQYRRGLITDDERYDRVIAIWSKAKDDITDI
ITISISDIVVPEEKKRIIAEAEAKEHKLKLOQYRRGLITEEEQYVTFSQIWSEAKEQISSI

hko koo h kk kg Koo K Kokkkkkok ;o ok ok ihkk Kk K

LMKSLDKRNPIFMMSDSGARGNASNFTQLAGMRGLMANPAGRIIELPIKSSFREGLTVLE
LMKSLDKRNPIFMMSDSGARGNASNFTQLAGMRGLMANPAGRIIELPIKSSFREGLTVLE
LMEKSLNKRNPIFMMSDSGARGNASNFTQLAGMRGLMANPSGRIIELPIKSSFREGLTVLE
LMGSLDKRNPIFMMSDSGARGNASNFTQLAGMRGLMANPSGRIIELPIKSSFREGLTVLE
LMEKSLDKYNSINMMVESKARGNKSQITQLGGMRGLMANPAGKIIELPIKSNFREGLTVLE
LMESMDQFNPIYMMATSGARGSNSQITQLAGMRGLMANPSGEI IQLATIKSNFREGLSVLE

Bh koo ok ok Rk ok Rkk k.o kkk RRRKEERRKK K kk .ok kkk KEkkk kAN

YFISTHGARKGLADTALKTADSGYLTRRLVDVAQDVIVREEDCGTDRGILARALTDGTEV
YFISTHGARKGLADTALKTADSGYLTRRLVDVAQDVIVREEDCGTDRGILARALTDGTEV
YFISTHGARKGLADTALKTADSGYLTRRLVDVAQDVIVREDDCGTDRGLLIGAIKEGNEV
YFISTHGARKGLADTALKTADSGYLTRRLVDVAQDVIVREDDCGTDRGLEVEAIKEGNETI
YFISTHGARKGLADTALRTADSGYLTRRLVDVAQDVIVREEDCGTDKGFVVSKIQDGKEV
YFISTHGARKGLADTALRTADSGYLTRRLVDVAQDTIVREHDCGTDKGLRVMEIRDGSEV
e T I L IR Lok Lk,
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VVKLEERLVGRYAHKTVHHPETGEVIVRKDEMITEDIANEIIKAGITEVWIRSVFACNTR
VVKLEERLVGRYAHKTVRHPETGEVIVRKDEMITEDIANE IMKAGITEVWIRSVFACNTR
IESLYDRLVGRFARKTVKHPETGEVLVAENQLITEDIAHIVENSGVETVNIRSAFTCNTR
IEGLYDRLVGRVAFKTVRHPETGEPIVKKNELIHEDLAKQIVEAGVEQVTIRSVFTCDTR
IEDLFDRIEGRYAFETVRHPETGEIIVHRNELIDANLASRIVEAGVEKIQIRSVMSCRAR
IEDLRDRLEGRVAFQDVYHPETGEKIVGKNEMIDEEAADKIVAAGIKEVTIR“VLTCRTR

* ok Kk K ko okkkkkk ok .q sk I . * s o kkk ok ok

HGVCKKCYGRNMATGMDVEVGEAVGITAAQSIGEPGTOLTMRTFHTGGVAGDDITQGLPR
HGVCKKCYGRNMATGMDVEVGEAVGITIAAQSIGEPGTQLTMRTFHTGGVAGDDITQGLPR
HGVCKKCYGRNLATGTDVEVGEAVGITAAQSIGEPGTQLTMRTFHTGGVAGDDITQGLPR
HGVCKKCYGRNLATGSDVEVGEAVGIIAAQSIGEPGTQLTMRTFHTGGVAGDDITQGLPR
YGVCKKCYGRNLATGQHVEIGEAVGITIAAQSIGEPGTQLTMRTFHTGGVAGDDITQGLPR
HGVCQLCYGRNLATGDMVEVGEAVGITAAQSIGEPGTQLTMRTFHTGGVAGDDITQGLPR

Skkk . Kkk kK. kkk L R R R XS]

VQELFEARNPKGQAVISEIDGTVVAINETRDNQYEIVVQSEVETRSYVAPYNARLKVEEG
VQELFEARNPKGOAVISEIDGTVISINKTRDNQYEVVVQGEVETRTYVAPYNARLKVEEG
IQEIFEARNPKGQAVISEIDGVIAAINDVKDRQ-EVVVQGEVETRTYAIPYGARLKVIPG
IQELFEARNPKGQAVITEIEGEVININEA-DKR-EITVKGEMETKTYSIPYGARIKVELG
IQELFEARNPKGQAIITEIDGMVKDIREAKDRR-EIEVEGEAESRVYSVPFGSRIRVAVN

VQELFEARNPKGQAVIAEFDGVITDIREGKDKR-EIELTGESETKTYQIPYGSRIRVSVG
Sk okkkkokkkkkk ok ko ook o ok ko o kp ook ko ok Kk okok

QOHVERGQELTEGSVDPKQLLRVRDITSVQEYLLREVQKVYRMQGVE I SDKHI EVMVRQML
QRVERGQELTEGSVDPKQLLRVRDITSVQEYLLREVQKVYRMQGVE I SDKHI EVMVRQML
QQISHGKELTEGSIDPKELLKVIDITAVQEYLLREVQKVYRMQGVE IGDKHVEVMVRQML
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FIG. 17
ref YP_148388.1‘ VKKFENTGEEVEDLISIGTIGLIKAIESYSPGKGTKLATYAARCIENEILMHLRSLKKTR
ref YP_OOll26560.l| VKKFENTGEEVEDLISIGTIGLIKAIESYSPNKGTKLATYAARCIENEILMHLRSLKKTR
ref |YP 896655.1 VKKFENTGEDAEDLISIGTIGLIKAIESYSAGKCTKLATYAARCIENEILMHLRVLEKTK
ref |NP_980714.1 VKKFENTGEDAEDLISIGTIGLIKAIESYSAGKGTKLATYAARCIENEILMHLRVLKKTK
gb|ABY76244.1| VKKFENTGEDAEDLISIGTIGLIKAIESYSAGKGTKLATYAARCIENEILMHLRVLKKTK
RAACO01814 MKKFDTSGIDQDDLISIGTVGLIKAVDTYQPSKGTKFATYAARCIQNEILMQLRAQRKSR
hk ks ok ckkhkkkk o ckkkhk o ok kkAKk kkkhhhhhk khkh Ak kk ok
ref |YP_148388. 1‘ KDVSLHEPIGQDKEGNEISLLDILKAEGEDIADEIHLNMELEQVKQYISVILDEREKEVII
ref YP 001126560. l| KDVSLHEPIGODKEGNEISLLDILKSEGQDIVDEIQLNMELEQVKKYISVLDEREKEVIV
ref |YP _896655.1 KDVSLHDPIGODKEGNEISLIDILKSESEDVIDMIQLSMELEKIKEYIDILDEREKEVIV
ref NP:980714.1 KDVSLHDPIGQDKEGNEISLIDILKSESEDVIDMIQLSMELEKIKEYIDILDEREKEVIV
gblABY76244.l| KDVSLHDPIGODKEGNEISLIDILKSESEDVIDMIQLSMELEKIKEYIDILDEREKEVIV
RAACO1814 KDVSLYSPIGTDKEGNEITIGDILFSESDSTEDEVSRRMELNTMRQLLDVLDERERKVIE
dhkhhhk . hhk kkkkhkkoo KEE oKk o . L I A s AR
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gb|ABY76244.1| KRFGLGLDKEKTQREIAKALGISRSYVSRIEKRALMKMFHEFVRAEKEKKA- - - - - - - -
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FIG. 21
ref ZP_01173598.1| ————————————— MEKNWYVVHTYSGYENKVKANLEKRVETMAMQDKIFRVIVPEEEETD
ref |[YP_848410.1| = ------------- MEKNWYVVHTYSGYENKVKANLEKRVESMGMSDKIFRVIVPEEEETE
ref [YP_089786.1| = ------------- MEKKWYVVHTYSGYENKVKANLEKRVESMGMQDKIFRVVVPEEEETD
ref [NP_691027.1| = ------------- MEKNWYVVHTYSGYENKVKMNLEKRVESMGMEDKIFRVIVPEDEEAE
ref |¥YP 173640.1| = ------------- MEKNWFVVHTYSGYENKVKANLEKRVESMEMTDHIFRVLVPVEEETE
RAAC00415 MGVAGCSPCSMENLEKQWYVIHTYSGYENKVKSNLESRVQTMGMEDRIFRVVVPTEEAVE
shkK ok kR kKK KR RRAKK KAK Kk ok kK K kKRR KK K .
ref ZP_01173598.1| IKNGKKKVVKRKVFPGYVLVEIVMTDDSWYVVRNTPGVTGFVGEAGSGEKPTPLLPEEVN
ref |¥YP_848410.1 VKNGKTKTIKRKVFPGYVLVEIVMTDDSWYVVRNTPGVTGFVGSSGSGSKPTPLLPEEAE
ref |YP_089786.1 IKNGKKKVVKKKVEFPGYVLVELVMTDDSWYVVRNTPGVTGFVGSAGSGSKPTALLPGEAE
ref [NP_691027.1 IKNGKKKMVKKKSFPGYVLTEMVMTDDSWYVVRNTPGVTGEFVGSSGHGAKPTPLMPGEID
ref |YP_173640.1 IKNGKTKQVSRKVFPGYVLVEMVMTDDSWYVVRNTPGVTGFVGSAGAGSKPTPIMPDEVE
RAACQ00415 IKNGKKRVVQRKTYPGYVLVEMIMTDDSWYVVRNTPGVTGFVGSPGAGSKPVPLMPHEVE
S e L 222 B N R T T L T S PR T I R
ref ZP_Oll73598.l| VILKRMGVDEKRVDIDFEIGETVKVNEGPFANFTGS IEEIDKDKAKIKVLVNMFGRETPV
ref |YP_848410.1 RILKSMGMVEKRAEADFEIGETVMVKEGPFADFSGKVDEMDNDKGKAKVMVNMFGRETPV
ref |¥YP_089786.1 KILKRMGLEERKTEIDFELKETVKVIDGPFADFTGTIEEIDHDKNKVKVEFVNMFGRETPV
ref |[NP_691027.1 VVLKRMGVSEPTVOQVDFEIKENVRVTDGPFTDFTGS IEHIDTDKQKIKVHVNMFGRETPV
ref |YP_173640.1 RILKOMGVVEAQEEVDFELKESVKVKSGPFADFVGTIEEIQVEKRKLKVHVNMFGRETPV
RAACO0415 QILSSMGVNEAKPVAQFKVGDVVRLTSGPFADMVGTVEEVHPEHQKLKVLVSMFGRETPL
T T ckio oz ko kkksoo K ci o i ko kk ok kkkkkkk
ref |ZP 01173598.1]| ELDFTQIEKL-
ref |YP 848410.1 EVDFNQIEKL-
ref |YP_089786.1 ELEFTQVDKL-
ref |[NP_691027.1 ELDFSQVEKL-
ref |¥YP_173640.1 ELEFGQVEKI -
RAACO0415 EADFTQVEHLP
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---ARQYKISYYSKLTKKELIFAILKARAEQDGLFFMEGVLEIIPSEGFGFLRPINYSPS
---AKEYKISYYSKLTKKELIFAILKARAEKEGFFFMEGVLEIIQSEGFGFLRPINYSPS
---AKEFKISYYSKLTKKELIFAILKARAEKEGFFFMEGVLEIIQSEGFGFLRPINYSPS
---AREYKVSYYSKLTKKELVFAILKAQAEQDGLLFMEGVLEIIQSEGFGFLRPINYSPS
YKYAREFQIPHYGSMKKKELIFAILKAQAERDGLMFAEGVLEIMP EGYGFLRPVGYLPS
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AL AR A AL AL R S A

SEDIYISASQIRRFDLRNGDKVSGKVRPPKENERYFGLLHVEAVNGEDPEVAKERVHEPA
SEDIYISASQIRRFDLRNGDKVSGKVRKPKENERY FGLLHVEAVNGEDPEIAKERVHEPA
SEDIYISASQIRRFDLRNGDKVSGKVRPPKENERYFGLLOQVEAVNGDDPESAKERVHEPA
SEDIYISASQIRRFDLRNGDKVSGKVRPPKENERYFGLLOQVEAVNGDDPESAKERVHEPA
SEDIYISASQIRRFDLRNGDKVSGKVRPPKENERYYGLLHVEAVNGEDPETSKDRVHEPA
QEDIYVAASQIRRFDLRTGDLVSGKVRPPKENERYFGLLHVEAVNGYSPEVAAERLHFAA
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LTPLYPNROQMKLETTPDKLSTRIIDLIAPVGFGQRGLIVAPPKAGKTMLLKEIANSITTN
LTPLYPNROMKLETTPDKLSTRIIDLIAPVGFGQRGLIVAPPKAGKTMLLKEIANSITAN
LTPLYPNROQMKLETEPKKLSTRIMDLIAPVGFGQORGLIVAPPKAGKTILLKEIAHSITTN
LTPLYPDROQMKLETEPKKLPTRIMDLIAPVGFGQRGLIVAPPKAGKTSLLKEIAHSVTTN
LTPIYPNEQMLLETQPRSFSTRIIDLISPIGFGQRGLIVAPPKAGKTMLLKEIANSITTN
LTPLFPSKRIVLETTPENLATRLIDLFAPIGFGQRGMIVAPPKAGKTVLLKEIAHSIATN
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HPDVELIVLLIDERPEEVTDIERSVQGDVVSSTFDEVPENHIKVAELVLERAMRLVEHKR
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HPEAELIVLLIDERPEEVITDIERSVKGDVVSSTFDEVPENHIKVAELVLERAMRLVEHKK
HPEAELIVLLIDERPEEVTDIERSVKGDVVSSTFDEVPENHIKVAELVLERAMRLVEHKK
HPDAELIVLLIDERPEEVITDIERSVDGDVVSSTFDEVPENHIKVAELVLERAMRLVEHKK
YPDVHLFVLLIDERPEEVTDMQRSVKGEVIASTFDEVPENHIKVSELVLERALRLVEHKQ

PR P R R L I NS P e R LR S R N R T R RS L

DVVILMDSITRLARAYNLVIPPSGRTLSGGIDPAAFHRPKRFFGAARNIEEGGSLTILAT
DVVILMDSITRLARAYNLVIPPSGRTLSGGIDPAAFHRPKRFFGAARNIEEGGSLTILAT
DVVILMDSITRLARAYNLVIPPSGRTLSGGIDPAAFHRPKRFFGAARNIEEGGSLTILAT
DVIILMDSITRLARAYNLVIPPSGRTLSGGIDPAAFHRPKRFFGAARNIEEGGSLTILAT
DVVILMDSITRLARAYNLVIPPSGRTLSGGIDPAAFHRPKRFFGAARNIEDGGSLTILAT

DVVILLDSLTRLTRAYNLVVPPSGRTLSGGIDPAAFHRPKRFFGAARNVEEGGSLTILAT
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KLWAIRKTMADSPDFIERFLNKLRRTKENEEF-------
KLWGIRKTMRDTPDFVESFLRKLRQTKTNEEFLQNI - - -
KLWGIRKTMRDTPDEFVESFLRKLRQTKTNEEFLONI - - -
HLWAIRKSMADAPDFAEKFLKRLRQTKTNEEFFSMLT-----------------------
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—————————————— LYKQMLDLIDVGVHAIDENGHTVVYNKKMMEI ESLKRSDVLHKNVL
ffffffffffffff LYOMLIDEINVGIHVIDQDGHTIIYNKKMMEIESMVDTDVLHKNLL
—————————————— ILEQILEHVDAGIHAIDHEGRTIIYNRKMAEIEGMDPESVIGRSLL
—————————————— LYETIMNLVDAGTIHAVDEEGRTMIYNQKMRDI EGMDSREVLYKKLE
MQPEKLTDTAFIHPVYRKLLDYLDIGIHMINTEGRSVIYNRKMSEMEDMNPKEVINKRIM

---MEPSVVADVW KLYQE ILEFAPVGVHAVDREGRTRVYNRVMGEIDGYRPDEVLEKNVF
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DFFAFQDEMHSTLVQALRTGKQTVHAKQTYHNYNGKEI TTINHTYPLVRDG- - - - - - - - -

EVFTFHDDERSTLVQALKTGKVTKDVKQTYFNNKGEEI TTINNTFPFIENG- - - - - - - - -

EVFPFSRREDSTLLLALONGKGTQPAKQTYFNSKGKEITAINHAIPILAAG- - - - - - - - -

DVFRFRSSEESTLLKALKTGEESHLVKQTYFNNKGREI TSVNHTYPFYYKG- - - -

EIFLFDSEEESRLLOALNNNVVHKDAKQVYFNFKGQEITTVNNTFPLTVDG- - - -

ELYELD- EET“TLWRALKTGHPVQIDEQVYVARNGRRVVTQNRTKPVVIAG 777777777
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--LIQGAVE--ISNDVTKLERLIHHNMKKKGSTRFTFESI IGQSPAFLEVIEHAKRATRT
--KITAAVE--TIAKDMTQLDHVIKKNVLRKRESHYTFDQOI IGNSKAFLAVIEEAKRAART
--KSLGAIE--IAKDVSRIERLVKENLSRKNSDRYTFESIIGSSKAILEVVEAAKRAVRT
--KLAGAVE--TAEDITKIERLIRRN- -HESHTGYTFHHI IGKSKAISEVIEFSRRAART
--EKIGAVE--IARDITKLERLSRETSRGASDARFTFDQIIGNSPAIEDVVENARRATRT
——EIIGAME————IAVPREAGGAQEAADARIRRRYSFADILGESRAMQRALDLAERAARM

Lk Sak Kok K K Lk *

SSYVLIVGETGTGKELFAQSIHNGSSRSSGPFITONCAAL PDNLIESLLFGTQKGAFTGA
SS88VLIVGETGTGKELFAQSTHYASPRSHAPFLAQNCAAT PENLME SLLFGTKKGAFTGA
TSPILIAGETGTGKELFAQSIHSGSLRSPGPFVAQONCAAL PENLVESILFGTKKGAFTGA
SSYVLIIGETGTGKELFAQSIHYESERSRGPFIAONCAAL PDNLIESILFGTKKGAFTGA
TSSVLIYGETGTGKELFAQSIHNGSSRASKPFISONCAALPDTLIEGILFGSVKGAFTGA

DLPVLLVGETGTGKELFAQATHGASARKHGPFLAQNCAAWPEGLAE SVLFGTRRGGFTGA
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ADQPGLFEQAQGGTLLLDEINSLNPHLOQAKLLRVLQEKRVRRLGSTKEIAVDVRVIANMN
LDTPGLFEQADGGTLLLDEINSLDPALQAKLLRVIQEKTIRRIGDTKDKKVDVRIIATIN
VDRPGLFEQAEGGTLLLDEINSMPAPLQAKLLRVLQEKKVRRIGDTKDREIDVRVVAAIN
VDRAGLFEQADGGTLLLDEINALNIHLQAKLLRVLQEKKVKRIGGTQEKPVDVRVIATMN
TDHPGLFEQANGGTLMLDEINSLSASLOAKLLRAIQEKTIRRIGDTKSRSVDVRIIATMN
VDRAGVFELACGGTLLLDEVHAMSPSVQAKLLRALQDGEVWPIGARRSVQTDVRVIAAMN
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EDPVDAIASGRMRKDLFYRLGIVTLFIPPLSERKEDIPTFVNHFIQKYNELFQMKVKAAD
EDPIDMIAKQRLRKDLYYRLSVVTLFIPPLRERKEDILPLIEEFIHKYNTLFQMNVKTIS
EDPVDAIAEGRLRKDLYYRLSAVSLFIPPLRERKEDILLLSSFFIQKYNDWFGMEVPGLD
ETPYEAIANHRLRKDLYYRLGVVTLFIPPLRDRLEDLPLLTGHFIQKYNPLFOMNVRGIT
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VPPSAALSRGLVRPDLLYRIGAIAIHLPPLRERPEDIPLLAQAFLRRYG*ffEARAVRLS
RIS S S 2.5 I

EEVLALFKAYDWPGNVRELEHVIEAGMNMMMDEDELSMHHILPYHFRFKQMEGRPFPAQLQT

EEAKAILFQHDWPGNARELEHTIEGTMNFISDETEIHIHNLPFRLRNR------------

EETEEQFLRYDWPGNIRELEHVIEGAMNMAEDDARITSEI LPHHFRQK------------

PEVLTFFRSYRWPGNIRELEHMIEAAMNVMLDEDMT ELRHLPMQYRQSGH

DDVFNLFSEYDWPGNVRELEHTIEGAMNLIYDDEPIGFOHLPLHLKHKFTQP--------

SDAMAFLTSHDWPGNVRELEQTVRSALALWPEAREITSEMLRS _________________
Fhkokk kokkk .
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NSLQOTVAADTEFVYTSPEQTTDFQTOMERFEKQY IVHYLEKMDDNI SQTAKLLGMSRQSL
- --YQKEVKDTETGNLPAKT - - LQEKMAEVEKLY ILQALRENNNNVSQTAKNLGMSRQNL
-AETSHSFPGRNLGEPAGPQPSLSDYVASAEKAY INKVWREQDGNITRTAKI LGMSRQNL
———————————— FNSPAEKSPLLKDRLFEYEKHCILEALEANGSNISKAAEQLGLSRQSL
- -PATSEGTERLFTQQPEPGLPLETYMDTVEKAYIQKSLTEAGGNISQAARTLGLKRQSL
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Ak K kKK KKk . Sk Kok Kk.
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FIG. 31

ref YP70016661OO.1| ffffffffffffffffffffffffffffffffffffff STGIVRKVDELGRVVIPIELRR
ref |[NP_621806.1| = —--------o-omooomoooooooooooooooooooo STGIVRKVDELGRVVIPIELRR
ref |NP_346951.1| = —----------oooomooooooooooooooooo- MKSTGVVRRVDELGRIVIPIELRR
ref YP_001181188.1| ———————————————————————————————————— MKSTGVVRKVDELGRIVLPIELRR
ref YP_001317994.1| ———————————————————————————————————— MKSTGIVRKVDELGRIVLPIELRR
RAAC02603 MAVSAAFAVCAIASHCCRDRCRMGDDETTVLRRKSRMIATGYVRKVDRLGRLVVPNRIRS

ckk Kk kk Kk ko kLK
ref YP70016661OO.1| TLNIAERDALEIYVDGEQIVLKKYEPACIFCG-NAENVINYKGKNICKNCLEELK-----
ref |NP_621806.1 TLNIAERDALEIYVDGEQIVLKKYEPACIFCG-NAENVINYKGKNICKNCLEELK-----
ref |NP_346951.1 TLNIAEKDALEIYVDGEQIILKKYEPACIFCG-DASDVINYRGKNICKHCLEELK-----
ref YP_001181188.1| TLDIAEKDALEIFVDGDKIILRKYEPACIFCG-NAKDVIYYKGKNICKDCMEELK-----
ref YP_001317994.1| TLTIAEKDSLEIYVDGESIILKKYEPACIFCG-NAKDVTVYKTKNVCEDCLEEFR--- -~
RAAC02603 DLHLAKEDPVEIYVEADSIVLTKYEPKCVFCG--EKAEKVFHERAVCGTCLEELKTRSKR
dooky Kk ckkok . Kok KkEK K kk% . TR SR P P
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FIG. 32

ref|YP_001374031.1]
ref |NP_830661.1|
gb|AACE2407.1 |
RAACO00161

ref |YP 037204.1
ref |NP_979446.1

ref |YP 001374031.1]
ref |NP _830661.1|
gb|AAC62407.1|
RAACO00161
ref|YP_037204.1
ref |NP_979446.1

Nov. 17, 2015

Sheet 39 of 196

—————————————————————————————————————————— MANQNSS - -NQLVVPGAT
- -MANQNSS - - NQLVVPGAT
—————————————————————————————————————————— MANNNSS - -NQLVVPGVQ
————————————————————————————————————————— MMANQNGS - - NKVLVQGAN
- -MANKNSGSRNELLVRGAE
—————————————————————————————————————————— MANNNSGNRNELLVRGAE

kkk ok koo k Kk

AATIDQMKYEIAQEFGVQLGADTTARANGSVGGE ITKRLVAMAEQSLGG-
AATDQMKYEIAQEFGVQLGADSTARANGSVGGEITKRLVAMAEQSLGG-
QALDOQMKYEIASEFGVQLGPDATARANGSVGGEITKRLVOMAEQQMGGY
RALDOQMKYEIATEFGVQLGPDTTARONGEVGGEITKRLVAYAEQQLAGH
QALDOQMKYETIAQEFGVQLGADTTARSNGSVGGEITKRLVAMAEQQLGG -
QALDQMKYEIAQEFGVQLGADTTARSNGSVGGEITKRLVAMAEQQLGG-

kokkkkkkokk kkkkhokk ko okkk kkkkkkkk ok ok ok ok ok *kk . Kk
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FIG. 33
ref |[YP_001422239.1] = - QQENEGNENQLLVPGAAQ
ref |YP_001420593.1| = —-ommmmmmmmmm e MANNNSSNQIVVPGAAQ
ref |YP_001486165.1| —-mmmmm oo e m e e MANSNSSNQLLVPGAEQ
ref |ZP_01170670.1| === mmmmmmmmmm e MANNNSSNQILTVPGVSQ
ref |ZP_01697004.1|  —mmmmm oo m oo OMANNSNSNQLLVSGAEQ
RAAC00923 MYSTFEATATPAESTFGAPRGAYGRMARSHYRCHHHHTRRECKMANNSGSNR TT.VPQASK
.k * k. « Kk .

ref |YP_001422239.1
ref |YP_001420593.1
ref |YP 001486165.1

AIDQMKYEIASEFGVNLGPETTSRANCSVGCEITKRLVSFAQQSMGG- -
AIDQMKYEIASEFGVNLGGETTSRANGSVGGEITKRLVSFAQQONMGGQ -
AIDQMKYEIASEFGVNLGAETTARANGSVGGEITKRLVSYAQQHMGG- -

ref ZP:Oll70670.l| ALDOMKYEIANEFGVNLGAETTARANGSVGGEITKRLVOMAEQQLGG- -
ref |ZP 01697004.1| ALDQMKYETIAQEFGVNLGADTTSRANGSVGGEITKRLVOMAEQQLGG- -
RAACO00923 ALDQMKYEIATEFGVNLGPDTTSRONGSVGGEITKRLVAYAEQSLAGRA

Ko RERKKAKKE KKKKAKE  hk ok KEKRARFKFARRE Kk . K
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FIG. 34

ref |ZP_02330525.1 - - -SNVLVVPQANQALEQLKYEVAQELGIQIPODGYYGYMATRDTGAIGGNITRRLVQIA

ref |ZP_02330045.1 - - -SNVLVVPQANAALDQLKYEVAQELGIVIPODGYYGNMATRDTGAIGGHITRRLVQIA

ref |YP _001665292.1 - ---NPLVVKEAKQVMSQWKYEIANELGITPPADGYWGNLTSRDCGAVGGHMVRKMIQMA

ref |¥YP_001665293. l‘ ----NPLVVKEAKQVMSQWKYETARELGITPPADGYWGNLTSRDCGAVGGHMVRKMIQMA

ref |[NP 623103. l| - - - -NPLVVKEARQVMNQWKYEIANELGITPPADGYWGYLTSRDCGAVGGHMVRKMIQMA

RAAC00643 MAKSNRLLLGQASRALQDMKYEIAGELGITPPADGYWGFVSSYENGSIGGSITKRLVRYA
* k. s kkk ok kkkk K kkk.k o 2 Kaikk . K

ref |ZP_02330525.1 EQSLA-------

ref |ZP_02330045.1 EQQLS-GTQGS-

ref |YP _001665292.1 ESQMA-------

ref |¥YP_001665293.1 ESOMA-------

ref |NP 623103.l| ESQMA-------

RAAC00643 QERLAQGDAGSP
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FIG. 35

ref |NP_829946.1| = —-- oo oo oo MSRRRGVMSNQFKEELAKE

ref (NP 842611.1 -- --- -MSRRRGVMSNQFKEELAKE

ref YP 001419725. l| -- --- -MGRRRGVMSDEFKYELAKD

ref NP 240926. l| -- --- -MSRRRGIMSDRLKEEIAKE

ref|zP_02330558. l| ——————————————————————————————————————————— RRRSTMSDOQLKNELAKD

RAACO1427  mmmmmmmmm e MPCRRIVSVSPLTREGFGMARRRSTMSDAFKVELAKE
KAk kK ok KoKk,

ref |NP_829946.1 LGFYDVVQKEGWGGIRAKDAGNMVKRAIEIAEQQLMKRN - - -

ref |NP_842611.1 LGFYDVVQKEGWGGIRAKDAGNMVKRAIEIAEQQLMKON - - -

ref YP_OOl4l9725.l| LGFYDTVKNEGWGGIRARDAGNMVKRAIEIAEQQOMAAQN - - -

ref NP_240926.1| LGFYDTVOQQEGWGGIRARDAGNMVKRAIELAEQOLAERESSR

ref ZP702330558.1| LGFYDTVQKEGWGGIKAKDAGNMVKRAIQIAEQAAQKK- - - -

RAACO1427 LGFYDTVQREGWGGIKARDAGNMVKRAIEIAEQALREKSGQR

dhkhkkk k. hhkdkkk ok khkhkhkhkhkhhk . khk
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———————————————— VALLVMIYAYKLPATETWTEWTQPLA
MIMHGKHRHVPLAFAAMAMLVGATSLVVPVQDARAAWFRPLQHRVNPGVQATGIQGKVIV

LDPGHGGMDGGAVSKTGTLEKEVTLAVALKLRDYLQEAGALVIMTREEDVDLADAGTAKI
LDPGHGGIDGGATSRAGALEKDITLAVSLELRDYLQEAGALVLMTREEDRDLADATTAKV
——————————————————— EKDVALSVAAKIKDYLOQQGALVIMTRETDTDLADNETKGY
————————————————— VVEKEIALNVAKKLRDYLOOQGALVLMTRETDRDLASPSTRGY
LDAGHGGPDGGASSKSGVIEKDINLIISLYVRDYLQQAGAIVVMTREMDKDLANPDTKGY
VDAGHGGRDSGARGVGGIEEKDITLSVALKLARYLOQGGAIVIMTRTTDTDLATERDRAM

koo ke T whkk . Kk kohhK * hkkk

RORKTEDLRKRAMIINDSEADAFLSIHMNAIPSERWNGAQTFYHLKNOQRNEDMAVFIQEE
RORKVQDLKRRVEIVNGSGADMFVSIHLNAIASPRWSGAQTFYNRAIPENEPLARFVQODQ
SRRKVEDLRKRLSLINESEADLFISIHLNAIPQSQWHGAQTFYAPTMIENKRIATFIQAE
SRRKTEDLRERTTFINKSDADLFISIHLNAIPSPRWRGAQTFYYGSLIENERLAKFIQAE
SKRKTEDLLKRAEFVIQKKADLFLSIHLNSVPSPKWRGAQAFYYPNNQDNYRLASLIQEE
RQRHLGDLRGRLNVVRRQRVDAFVSIHCNSAPSPDWRGAQVLYLKTNPHAKQLATVMQEA

PR LR IR T O L P

IKRNLONTNRYPKPIHHVYLLKEAEIPGALVEAGFLSNPQEAALLATEEYQDKMAASIYE
LKRNLENTSRYAKPINNVFLLKHAEIPGLLVEAGFLSNPSEAELLETEDYQQKVAASIYQ
LVRNLENTNRASKTLSNVYLLKHAKKPGCLVEIGFLSNPGEREQLKSDAYQTKVAASTIYE
LRRNLENTHRVAKMIDTVYLLKHAKKPGALVEIGFLSNPDERELLASDHYQTQLAASIYK
IXKRNMENTDRVAKQEESVYLLKTLKMPSTLIELGFLSNPDEARMLADDKYQKKLAASTIYQ
FRTELLPTHRDVQSNRTLFLLKRIEGPTVLAEIGFVSNPEEARALTTDAYQERVAFAMYE

* ok : s Rk k : * * ok kk kA k K * : * % Tk I
GMLRFFTD-------=----~
GIMRYYTN- - -EDAPE- - -

GILRYYAGERV--------
ALVRYFSDPAVEQVPEDDG
e e k...
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SPRTEFGLSAVALLRTDGWHTAWTRLPMAVGRARHLAVIRRASDEDPRSLGRLALHLAHA

RKKTEELLNKSDTLAAIGQLAAGVAHEVRNPLTVIKGFIQL
RKKTEELLNKSDTLAAIGQLAAGVAHEVRNPLTVIKGFIQL
RKKTEELLNKSDTLAAIGOLAAGVAHEVRNPLTVIKGFIQL
——————————————————— RKKTEELLNKSDTLAAIGQLAAGVAHEVRNPLTVIKGFIQL
——————————————————— IREVRHRMHHLETLAALGOLAAGTAHEIRNPLTSIRGFTQL

ATQAWT“CERTLVRR“QCVIERMRKKLQEFEKV“ALAQLCAGIAHEIRNPLTTARGFLQL
Dr. t.aakr kk _kk kkk hkhkkkh kK Kk

FQIN----KEDQEK-YFDLMLSEIERIEAILQEFLSIAKTDEISTEKKNIYQIFKNVVSL
FQIN----KEDQEK-YFDLMLSEIERIEATILQEFLSIAKTDEISTEKKNIYQIFKNVVSL
FQIN----KEDQEK-YFDLMLSEIERIEATILQEFLSIAKTDEISTEKKNIYQIFKNVVSL
FQIN----KEDQEK-YFDLMLSEIERIEAILQEFLSIAKTDEISTEKKNIYQIFKNVVSL
IQTRALRRNDATTADYCRLIMQEIDHINNILTDILSLARPTTRQLSLLNIVKIVHDVIAF
FAER----CDDKDRGYLELTISELDRIRELLEDFMGLCRPDREEAAEVDMVEIARSVHRF
L N TR L S R Sk Lk
INTKAIMITNIQVELYTDSKDIIIECSENQLKOQVFINILONS IEAMPDGGRISIHIKEIGK
INTKAIMTNIQVELYTDSKDITIIECSENQLKQVFINILONSTEAMPDGGRISIHIKEIGK
INTKAIMINIQVELYTDSKDIIIECSENQLKOVFINILONS IEAMPDGGRISIHIKEIGK
INTKAIMTNIQVELYADSKDITIIECSENQLKQVFINILONS TEAMPDGGRISIHIKEIGK
MYGEAILSGITLRPELPPEELWVQGHIDKLKEVLINICRNAFQAMG- - PGGVLTLSVAAD
LVPEASLCDIAFELNVPAHPIPAAVRPAQIKQVLINLVQNALQACRGQAHAVVRLDVAEK

s L * TR

-DGIIISVIDKGIGIPEERIKRLGEPFYSTKEKGTGIGLMLSYKIIESHQGNISIMSEVG
-DGIIISVIDKGIGIPEERIKRLGEPFYSTKEKGTGIGLMLSYKIIESHQGNISIMSEVG
-DGIIISVIDKGIGIPAERIKRLGEPFYSTKEKGTGIGLMLSYKIIESHQGNISIMSEVG
-DGIIISVIDKGIGIPEERIKRLGEPFYSTKEKGTGIGLMLSYKIIESHQGNISIMSEVG
TATVKIVLADTGCGMTKEVMDQIFTPFFTTKETGTGLGLAICOQIMHEHGGDIQVESTPG
EDRVLVQVVDNGCGI*fEHMDRIFRPFYTTKSTGTGLGLFVCKHIIESHGGSISVRSQVG

sk Lk k. ok gy kg akk | kkkgkk o sk ok K K. Kk K
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ref |YP_145847.1|
RAACO2315

ref|YP 536482.1
ref|YP_799230.1
gb|ABG00342.1|
ref|YP 891181.1|

ref |YP_145847.1|
RAACO2315

ref|YP 536482.1
ref|YP_799230.1
gb|ABG00342.1|
ref|YP 891181.1|

ref |YP_145847.1|
RAACO2315

ref |YP 536482.1|
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ref |YP_145847.1|
RAACO2315
ref|YP 536482.1
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gb|ABG00342.1|
ref|YP 891181.1|

ref |YP_145847.1|
RAACO02315

ref |YP 536482.1
ref|YP_799230.1
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ffffff TITMGIQKGGCGKSTTTGVLAYLLSRDGYRVLAVDMDSQGN-LTELLSRKP- - -
MERVGCTISVGLQKGGVGKSTTTALTSYILAEQGHRVLAVDFDSQGN-LTQLLTQRS - - -
---MGTVIATIANQKGGVGKTTTSVNLGACLARAGQKVLLIDTDAQGNATSGIGVRKH- - -
---MGKIVSISNQKGGVGKTTTSINLAANLASIGKKVLIIDMDPQGNSGSGLGIEIN- - -
—————— TITIGNQKGGVGKTTNTYLIAYTLAKLGIKTLVCDLDPOQSNSTKALILTKS-ON
MLKMAITITVGNYKGGVGKTTNAVLNSYEFAKKGKRTLLVDLDPQSNATKSLMLTKSILN

Kk hk ok N ok kK kK
--SNEFTEKSVLEAMQERDPEPYIVKVND- - - - - RLDLLPANNFLAT----- FPRWIYTG
--PYDFVHRTSLEACKERDPRPYIHAISD----- NLHLLPAEDFLSQ----- FDKWIYT-
--NIENDVYDVI--VSELPIREAIMPTYI----DNLDVVPATIQLAG------ AEIELTA
--TLVKTSYELL--LGESSTNECIQRTNV----SNLHIIPSNINLSG------ AEADLLV
SNEIMTIDKTLMWGVOQQRDLKDLPVSIIE----- NLDLLPSYIDFED----- FAKYLYKN
PDEIVTVEKTLMKGIQEGNLDGLEVEITD----- NLYLIPSYVDFQD----- FAKFLYQON
. . ok .

EVHVS------- QOMVILKNTLDVVKSDYDYILIDLPPNLGGLTLNGVCASDYCVVVCQS

OMAREKK---------- LYDAVQDVKEEYDFILIDCPPSLGLLTINAFTASDSILIPVQS

EDQREYR---------- LKNAVSELRSEYDYILIDCPPSLGILTINALCAADSVMITLQT

TSNEYEET------- HLLEPLFEPLKEDYDIILIDVPPLSVEVTSNAVMFSDYVLISLQT

CASEAEED------- HYFKGLLEKIKHKYDYIFIDVPPMSLEVTKNAVVASDYVLIALQT
A kKK kK * %

SNWCYSAVPNFMESVECARVHGRHNTRLLGILRTMNDVRRNDAKAFNEMIEEDY - PNEVF
EPFAYDALDRYMETI IQAAQQRVNPNLRIAGILISLLDARTAIGNYITERIREEY -QDFVF
EYYALEGLSQLMNTIQLVQKHFNPDLQIEGVLMTMLDARTNLGNQVVEEVKKFF-KEKVY
EYFALEGLTQLMKIISLVQNQINPSLELEGVLLTMFDKRTNLANQVAEDVKSYF-KDKVY
QDDSMTGAIEYIKTLVKLKMKYELGIEVLGALPMLSNSRGSVDKLIIESAKEEWGEDLVE
QERSLTGAENYVNELIKLKEQYDLDIEVVGILPVLLKNNGKVDEYIMENAREIFGEENLF

* oK . HE—.

KTIITRKAPIGRLSLYGFEENN-ELN-QALEQYENFYKEMMERV - -
DTVIRRKSRIIEFSVEGIKIQT-KADREAIAMYESFVEELKARVSR
KTVIPRNVRLSEAPSHGMSIIDYDPRSRGAEEYEALAKEV------
TTIIPRNVKLSE---------------- - - -
ETVIPOQMERIKRFSINGITDED-RFDRKVLEMYEKVVSEMLSKL- -
KNIVPOMERIKRFDVNGITEKD-RHDMNVIELYETISDELLSRI--
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----KIIAITNQKGGVGKTTTSVNLGACLAY IGKRVLLVDIDPQGNATSGLGIEKADVDH
----KIIAITNQKGGVGKTTTSVNLGACLAY IGKRVLLVDIDPOQGNATSGLGIEKADVEQ
----KIIAITNQKGGVGKTTTSVNLGACLAYIGKRVLLVDIDPQGNATSGIGVEKADVDQ
----KITATITNQKGGVGKTTTSVNLGACLAY IGKRVLLVDIDPQGNATSGIGVEKADVDQ
----KITATTNQKGGVGKTTTSVNLSACLAYIGKRVLLVDIDPQGNATSGIGIEKADVEK
MSSARVIAIANQKGGVGKTTTAVNLGACLATLGKRVLLIDIDPQGNTTSGVGINKADVKY

AR R R L N L L R R AT PRI L L L N S A

CVYDILVDDADVTDIIKPTSVENLDVIPATIQLAGAEIELVPTISREVRLKRALESVKQN
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CVYDVIINDVNIADAIMPSGLDNLDVLPATIQLAGAEIELVPTISREVRLRRAIQGMRSR
KKKk s * K R T I
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EWTGNFSDARNFAAKHATGKWILAIDADECLEEESYRKLEKQLKSPIEP--IQMAQIISFEF
EWTGNFSDARNFAAKHATGKWILAIDADECLEEESYRKLEKQLKSPTEP--IQMAQIISHE
EWTGNFSDARNFAAKHATGKWILAIDADECLEEESYLQLKKQLKAPTEP--IQMAQIISKE
EWTNDFAEARNFAASKASGEWILAIDADECVDPKNLAAAIEEIQSHDNKFDVYAVEINSE
KWEDDFSKARNTAIESATGDWILFLDADEEIKKEDVSKIKSLLYDDTVEAYLEFKFVNYAG
EWTGDFAVARNESLRYALGEYVLVIDADEFLPKEDGVRLRQALQERRADAYTVDLVNYLG

I Lok kkk . * k. .k ckhkhk

TGEKGRVTTTNQMARVYKNDGTICFRGVIHEQ----- LEAVDKHAIEAGLAEVKIYHYGY
TGEKGRVTTTNQMARVYKNDGTICFRGVIHEQ----- LEAIDKRPIAAGVAEVKIYHYGY
TGEKGRVTTTNQMARVYKNDGTICFRGVIHEQ----- LEGIDKHAVETGFAPVKIYHYGY
SDKYGENLSMNHMQRIYKNNGEFHFSGAIHEQI - - - -VEKGEGR-QELVFSALKLYHYGY
SSINSGLTEINYNYRLFRNNGKLKYIYPVHEN- - - -LRNIEENRPPIAKKADVTILHYGY
SVARFVRSPGVRVVRVFRRG——FSYMGSIHEQ————ILYDVIAKGGQIEVLDVEIHHLGY

... ckk sk kK

MSEIVEKQDKSDRNLRLLEKEVKNNKNSGFVHFNIGQEMNRLGNKKEALKEFSEAFRL - -
MSEIVEKQDKSDRNLRLLEKEVKNNKNSGFVHFNIGQEMNRLGNKKEALKEFSEAFRL - -
MSEIVEKQGKSDRNLRLLEKEVKNNKNSGFVHFNIGQEMNRLGDKKEALKEFTKAFRL - -
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LAEFVALKGKSDRNLEILNQALAIDPDNFFHITNLMAEYARLGDPKKVVELGERAYDLFQ

A : L. * * * HE A
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—————————————————————— LKIGITCYPSVGGSGVVGTELGKQLAERGHEIHFITSG
—————————————————————— LKIGITCYPSVGGSGVVGTELGKQLAERGHEIHFITSG
—————————————————————— LKIGITCYPTVGGSGVVATELGKLLAERGHEIHFISSS
—————————————————————— LKVGITCYPSVGGSGITATELGKRLAEKGHDVHFITSS
—————————————————————— LKIGITCYPSLGGSGVVATELGKLLAEQGHEVHFIAHS

—————————————————————— MRVGISCYPTVGGSGAVATELGKALARRGHEVHFIVTD
R TR L R L R L I P L e

LPFRLNKVYPNIYFHEVTVNQYSVFQYPPYDLALASKMAEVAQRENLDILHVHYATIPHAT
LPFRLNKVYPNIYFHEVTVNQYSVFQYPPYDLALASKMAEVAQRENLDILHVHYATIPHAT
LPFRLNRMYHNIFYHQVEVSQYSVFQYPPYDIALASKMAEVINREKLDLMHVHYAVPHAV
IPFRLNKVYPNIYFHEVDVNQYAVFQYPPYDLALASKLAEVARREKLDITHAHYAVPHAV
MPFRLGRFDKNVFYHEVEVSDYYVFKYPPYDLSLASKLAQVARMOQELDLLHVHYAIPHAV
VPFRLGAFVEHVYIHQIEPITYPVLKTPPYDFALASLMARVADEYQLDVLHAHYALPFAV

L2 S s : *okys KkKK g RERK kK kK. ok kkk ok %,

CAYLAKQMIGERIKIVTTLHGTDITVLGSDPSLNNLIRFGIEQSDVVTAVSHSLINETHE
CAYLAKQMIGERIKIVTTLHGTDITVLGSDPSLNNLIRFGIEQSDVVTAVSHSLINETHE
CAILAKQMSGRDVKIATTLHGTDITVLGYEPSLKDSIRFGIEKSDRVTAVSKSLISQTNE
CAYLAKQMTGHSVKVVTTLHGTDITVLGYDPSLKEVIRFAIESSDRVTAVSHSLAAQTYD
CALLAKQMVGDHLKVVTTLHGTDITVLAQDASISNMIRFAINESDAVTAVSEDLIRETRQ
CAHLAREMAKHPIRVVTTLHGTDITVLAQDPSLKSITIKLGIERSDAVTAVSQSLVRDTAR

*k kky ok sLkhkKkKRRKRKRKRK o ke kes k., Kk kkkkk Kk .k

LVKPSKEIQTVYNFIDERVYFKRNMSQLKKEYGISESEKVLIHISNFRKVKRVQDVVQAF
LVKPNKDIQTVYNFIDERVYFKRDMTQLKKEYGISESEKILIHISNFRKVKRVODVVQAF
LIHPEKEIQAVYNFIDHRVYQKTGSDHLKKEYGITEDEKTVIHVSNFRAVKRVODVVKVE
LIKPNKKIETIHNFVDERVYLRDDHNVLKRHYGLLDHEKVVIHVSNFRKVKRVHDVIHVE
TLDIQKPIHKIYNFVDKRMYYPRPVEDLKREVTRP-GEKLFIHISNFRPVKRVHDVVQIF
LFETDKPIRCIYNFVDPDVFRPGCGGELKRHFAPN - GERVLLHISNFRPVKRLHDVIAVF

FE N DRSS X8 . *k sk okk kK kkk . kKk,

AKIVKEVDAKLLLVGDGPEFCTILQIVKNLHIEDRVLFLGKQDNVAELLAMSDIMLLLSE
AKIVTEVDAKLLLVGDGPEFCTILQLVKNLHIEDRVLFLGKQDNVAELLAMSDIMLLLSE
ARIESEMPAKLLLVGDGPEMSNVCKLVKELGLKEKVLFLGKQDKVEELYSISDIMLLLSE
KKISEQVNAKLLLIGDGPEKSVVCELVKKLGLTDRVLFLGKQEKVEELYSISDLKLLLSE
ARVHREIPSRLLLVGEGLELSRIVSEVRELGLODFVEFWGKQDDVAQVISLADVMLLPSE
ERVARRMPAKLLLVGEGPDLGAAKRQVEEAGLGDRVHFLGRQDEVAPLFAAADLFLLPSE

shkkk ko ok A ok keke k. . k. kk kK

KESFGLVLLEAMACGVPCIGTRVGGIPEVIQHGETGYLCEVGDTTGVANQAIQLLKDEEL
KESFGLVLLEAMACGVPCIGTRVGGIPEVIQHGDTGYLCEVGDTTGVADQAIQLLKDEEL
KESFGLVALEAMACGVPCIGTNIGGIPEVISDGETGYICKLGDIGSMAEKAAGLLADADK
KESFGLVLLEAMACGVPCIGTDVGGIPEVITHGETGFLVPLGDIDAAAKHAVSILKDKAL
KESFGLVALEAMACGVPTVGSNAGGIPELITHGETGFMAEVGDVDTMSKYTIRLLEDEEL
SESFGLVALEAMSCGVPVVGSTAGGIPEVVVHGETGFLAPVGRVDDMADLACKLLQDEAT

Jkkkkkk hokkk  kkkk ok, kkkkk . kokk, I .. sk K

HRNMGERARESVYEQFRSEKIVSQYETIYYDVLRDDK----------
HRNMGERARESVYEQFRSEKIVSQYETIYYDVLRDDK----------
HTSFSHRAVQTAREKFSAEQIVSEYERLYFDML-------------~-
HEQVSAAAQSSVQAHFSSEKIVSEYEELYLELIEGD-----------
LKRVSEACVQRARKKFCNDSLRARYEQVYYEVL----------—--~

YRAFSARARERAVRAFHVDEKVSEYEALYREVMAAERGEHAHPRPGA
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fffffffffff AGAEDGGGKTHIISLLDQFPTGEVE- - - - - - -LAVFEDGIVAKEARELG
- AGAEDGGGKTHIISLLDQFPTDEVE- - - - - - -LAVFEDGIVAREAREIG
—————— VLHVISGGETGGSRKHVVTLLSKFAPGTAT- - - - - - -LVVFQODGPLAAEARQAG
777777 VIHLISGGDSGGAKTHVHMLLONLSRTPGVEVT - - - -MVCFMEGPFSQEARELG
MASERTVIVFFAGNEVGGAATHLATWAKALKGAQVDYRYR———FVSLGDGPLADELRQMG

sk . *k * . Tk k. K

IKVHVFSQKSRYDLSILKNISEFINKEKFDVVHTHGPRANFFVSLMKKKFAAKWVTTIHS
IKVHVFSQKSRYDLSILKNISEFINKEKFDVVHTHGPRANFYVSLMKKRIKAKWVTTIHS
IKVHVFSQKSRYDLSILKNISRFINEEQFDIVHTHGPRANFYVSLMKKRIAAKWVTTIHS
IDVRLLAQSSRYDLSVLSKLVALIRRERFDI LHTHGPRANLYGALIKRKIAIPWMTTVHS
ISTVVLPGKN- - IFRTFHTLKNMIREGGYEI IHCHGARGNMMGALLRKATGLPVVTTVHS

MLHGAVAGTVG- - - -ATRDLARVLRRERAWILHSHGPRMNMLASFAASSAGAIWTATIHS
Tk kk Kk K Dk kK

DPFODFTKQGLKGWI FTKLNLKALKNIDLFFVVTNRLKKSLAALGISNEKMHVIYNGIEY
DPFODFTKOGLKGWI FTKLNLKALKNIDLFFVVTNRLKKSLAALGI SNEKMHVIYNGIEY
DPFODFTKQGLKGWI FTKLNLKALKDIDLFFVVTNRLKKSLEQLGISSEKMRVIYNGIEY
DPRLDFMKSGWKGKWFTRLNVWALQKVDYFFAVSERFKESLMELGIAAERIQTIYNGIDF
DYRLDYMGRPISRITYGTINTLALRLLDYRIGVSDAMTDLLISRGFDPDKLFTIYNGIDF
HPRYDFEGHPLKAALFPSLHLWRLSRARGLFVVQPALGDALFCR-TILEVPNAFFPRLPR
.ox : * . .. .

* . : S *

DQEKADGYN-------- KKEMFNIDEDVFTAIQVARLHPVKGHEVLFDALQQTKL - -EKT
DKEKAEGYN--------KKEMENIDEDVFTAIQVARLHPVKGHEVLFDALQQTKL--EKI
DKEKAQGYD-------- KKEKFHIEEDVFTAIQVARLHPVKGHEVLFDALNNTSL--TKI
DDAPRPHM- - ----- - LORADLGLREDDLVIAMVARLHPIKGHALVFEALASLSD- - PDM
TPRTPSMTR - - - -SEYLKSVGANWPEDCVVAGIAARLNPVKDIPTLIRGFAQARQSCPKL
ASRDVCAAE-------- WRRRLGLNPESRLIGIAARLDPVKQIDVAIAALALLSD——LDV

Lkkk Kk ok

KVLLVGDGPLERELKALATEKGINDKVEFLGHRQDVKQLFASSHVNLLTSHSEGFPLVLL
KVLLVGDGPLEENLKSLATEKGINDKVEFLGHRQDVKQLFASSHVNLLTSHSEGFPLVLL
KVLLVGDGPLEEDLKALAKEKGIDDKVQFLGHRQDVKOLFASAHINLLTSHSEGFPLVLL
KLLVVGDGPLASELREKATQSGIGRQVQFLGFRRDVADIYALSDVALMASYSESFPLALL
RLLIAGDGEQMNELKALAADLGVAEDVCFAGWVSDVDSFYGALDINTLTSLSETFPYSLT
HLLVAGDGRDRIRLEAAAEDCGVRHRVHFLGHLQDVRDLYCAIDVHVLPSKSEGAPTSML

sk Kk K * LS B * ok K L2 I . PR S *

EAANQRVPSIVIRAGEIEPLIADETYGWIVPTGDGKALASAL-------=-----------
EAANQRVPSIVTRAGEIEPLIVDETYGWIVPTGDGKALALAL---------------- -~
EAANQRVPSIVTRAGEIEPLIVDDTYGWVVPVGDGKALANALEQ----------------
EAANERLPVISTDVGGVSQLIASSDMGWIVPVGDRAALAQAMREARSRRHELKTMGKRLY
EGARAGLPTVASRVGGVPYLIDHGVNGLLFEAGDYETLAKHLTALASDETMR THMGQRLY
EAGYYGAANIGSDVPGIRRMLLDGEAGALVPSGDVQALAHAVRRLLTDTKARDAYVERFQ

EHASTHFSLORLYEETM-ATYER----
QKGKNDYSLESTLOQROQLEIYSVI-------------------
RLVLPRYRPERMVVAYERGYTVIEEDAVRSGWRLPANSEQTR
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- --FVISQENWSLHRKGHQDQQRHMEKVKDAIKNNLPDLVSEESIVMSNGREVIKIPIRS
---FIVSRENWSLHRKGYQDQTRHQOKIKDAIKOQNLPDLVTEENIILSNGKQIIKIPIRS
MVEFTLOREDWSLHRKGHIDQERHREKVREAIREHLADLVSDESLIMSDGKQIIKIPIRS

LI S R 2222 PER T AR L S PN SR E I L RIS SN S S 222 R 11

LDEYKIRYNYDKNKHVGQGDGDSEVGDIVARDG- - SEDSKQGQGKGQSAGDQAGE--DYYE
LDEYKIRYNYDKNKHVGQGDGDSQVGDVVARDG- - E5GOKGPGKGQGAGDQPGE - -DYFE
LDEYKIRYNYDKNKHVGQGDGDSQVGDVIARDP- - SAGOQGPGKGQGAGDQPGE - -DYFE
LDEFKIRYNYDNSKHVGQGOGDSNVGDVVARDG- - SKANQTQGKGKEAGDKPGQ--DYYE

LDEYRFRFNYNKSKHVGQGDGDSQVGDVLG- - - - - IDPYTQQGKGAGAGDQAGE- -DYYE
LEEYRIRYNFQKGKHVGSGSGDTAVGDLVARGKPDADGQPGPGQGEGAGSEPGV - -DYAE
Kok akok . kkkh Kk Kk, Kk Xk kKK LR

AEVSLMDLEEALFRELELPNLKQKELDDI IVEQIEFNDIRKTGLTGNIHKKRTMLSAFKR
AEVSMMELEEALFKQLELPNLKRKEQEEHLVENIEFNDIRKTGLMGNIDKKRTMMTAFKR
AEVSILELEELLFRELELPNLQOOKEEDHLVVEHIEFNDIRKKGLMGNIDKRRTILSATKR
AEVSLEEIQNVLFHELELPNLQOKEKAEIVTEKIEFNDIRKKGLMGNVDKKRTILNALKR
AEVDMEELQSLLFEELELPYLNPKERLDISTQDIIFNDIRKKGIMSNIDKKRTILENIRR
AEVTLEDIQQELFRELELPDLAEKDEADMVVDTVEFRDVRKKGITANIDKKRTLLQALRH

KEE . s, Kk kEkKK Kk K, K Ko kKh Ko kg kohk.

NAMTGSPSFYPIYPEDIKYKTWNEVTKPESKAVVLAMMDT SGSMGLWEKYMARSFFFWMT
NAMTGKPAFYPIYQEDLKFKTWNEIVKPDSKAVVLAMMDT SGSMGLWEKYMARSFFFWMT
NALEGRPGLIPIYNDDLRFKTWNEVVRPESKAVVLAMMDTSGSMGRWEKYMARSFFFWMT
NAMHGKAEITPIHNDDLRFKIWDEVVKPESKAVVLAMMDTSGSMGAFEKYCARSFFFWMT
NASSGTPGIHGISPDDLRFKTWDEIEKPHENALILAMMDTSGSMGSFEKY IARSFFFWMT
AKKDDR---VVITPDDLRYKTWETIVKPDSNAVILAMMDLSGSMGLEFEKYCARTFFFWMT

L T T R I L A

RFLRTKYETVDIEFIAHHTEAKVVDEEHFFSRGESGGTICSSVYRKALELIDERYPPSRY
RFLRTKYETVEIEFIAHHTEAKVVSEEDFFSKGESGGTICSSAYRKALELINEKYNPRRE
RFLRTKYETVDIEFIAHHTEAKVVSEEDFFSKGESGGTICSSAYRKALELINEKYDPARY
KFLRSKYETVEIEFIAHHTEAKVVTEEEFFTKGESGGTICSSAYKKALELIKEKYSPSRY
RFLRSKYEHVDIVFIAHHTEARIVSEEEFFTKGESGGTICSSAYQAALDVIDRSYPPSKY
RFLRTKYANVQIRYIAHHTEAHEVDEEYFFTKGESGGTICSSAYQYALDMVNREYPPERY

shkkkokk  kek ckkAARKAKK . k Kk kk .. khhkkkkkhh ko Akyo. | kK

NIYPFHFSDGDNLTSDNARCVKLVSEIMKKANLFCYGEVNQYNRHS TLMSAYKHIQDEKF
NIYPFHFSDGDNLTSDNARCVKLVEELIAVSSMFGYGEVNQYNRHSTLMSAYKNIKNEHF
NIYPFHFSDGDNLTSDNARCLKLVHELMESSSMFGYGEVNQYSRHS TLMNAYKNLKDPRF
NIYPVHFSDGENISMDNEKCLKLVAELMDVSSMFGYGEVNQHNRFSTLMYTYKKIDDPKF
NIYPFHFSDGDNLTSDNERCVKLIQRLMERSNMFGYGEVNQYNRSSTLMQTYRHIQDPKF
NIYSIHFSDGDNLTSDNEKCVQLVKELSSVSRMFGYAEVNQYSRSSTLMSAYGKLQIPRF

kkk  kkkdkk o k.. KKk k. ook, sk kK kkkk . ok KKkAK ok .. s x

KHY ILKQKSDVFLALKKFFQOEE- - - - -
RYYILKQKADVFHAMKSFFONEE---- -
RSYVLKEKGDVYRAMKTFFKKEE- - - - -
RHHILRKKGDVYDALKSFFKKNE- - - - -
LYYIIREKGEVYKALKTFFAKPEG----
RTYVIRDKSEIYGALRHFFSQQQGVKSA

LI S
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FIG. 48B
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FIG. 49B
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GGVRTPELHSDSLEALFAHTPGLVVVTPSRPYDAKGLLLSAIRSPDPVVFLEPIRLYRAF
GGVRTPELHSDALEALFTHSPGLKVVMPSNPYDAKGLLISAIRDEDPVLFLEPMKLYRAF
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PLDIDTIIASVEKTGRVMIVHEAVKTSGFGAEVAALISERALFSLSAPIVRIAGYDTPYP
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TDALRIEMRNDPNVLVEFGEDVGVNGGVFRVTEGLOAEFGEERVFDTPLAESGIGGLAIGL
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THALDLELARDERVLVFGEDVGKNGGVFRATEGLOQKYGPNRVFDTPLAESGI IGLANGL
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ALQGFRPVPEIQFFGFVYEVMDSICGQMARIRYRTGGRYHMPITIRSPFGGGVHTPELHS
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DRKAVSLORQGRIGTYAPFEGQEAAQIGSAMALEESDWMF PTYRDHGAALAFGHSMRNVL
DRKCVSLORQGRIGTYVPYEGQEACQVGSALALNDEDWMEF PTYRDHGAMMTFGRSLVNTL
DREAVNLQRQGRIGTYAPYEGQEAAQVGSAMALSPEDWLF PSYRDHAATITHGQSLSRVL
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ref |NP_240935.1 NQLVAGFSGIVVVPLAGMRRLLPPSSLWKESQIRLSVGDDIGDLESLIRRLVRNGEFTRVD
ref |YP _892975.1 NRLAAGEHGIIVAPVAGLRRFLPMKELWKQRQIEISLGQEI-DLDTFLHTLHHIGYERKS
ref NP 976379.1 NRLAAGEHGIIVAPVAGLRRFLPMKELWKQRQIEISLGQETI -DLDTFLHTLHHIGYERKS
ref |YP_001373418. 1‘ NRLAAGENGIIVAPVAGLRRFLPMKELWKQKQIEINLGQEV-DLDALLHTLHHIGYERKS
RAACO1Z38 EALAQEGPVVVVTTLLAAWQPVTKKSHFLHSLVNLAVGESK-PIDDVVAQLVRGGYERVS
. * ook . . . . . . * . .. . . * . *

ref |[YP_173587.1 MVSAPGEFSVRGGIVDLYPLTKEHPLRIELFDTEVDSMRYFSLETQRSEGMIDEVTIGPA
ref [NP_240935.1 MVTTPGECSVRGGIIDLYPLTEEDPIRIELFDTEIDSIRTFTIEDQRSKDSLSEVVIGPA
ref |[YP_892975.1 MVEAPGEFSLRGGILDIYPLTEELPFRIEFFDTEVDSIRLFDVDEQRSQDKKESVREFGPA
ref NP 976379.1 MVEAPGEFSLRGGILDIYPLTEELPFRIEFFDTEVDSIRLFDVDEQRSQDKKESVREFGPA
ref YP 001373418.1 MVEAPGEFSLRGGILDIYPLTEELPFRIEFFDTEVDSIRLFDVEEQRSQDKRESVKFGPA
RAACD1438 LVESRGQFSVRGGILDVFPMGHDLPYRIEWFDTDIDSIRTFDPATQRSQDKRDRVSFGPA
Dok Kokkkk ok ook . ok kkk kkok, kK k K LE L Lok kR
ref |[YP_173587.1 QEVLLHHSHYSHGAKLLEEKYEATLKKVASKQTRDKLOQEHIPFEIAQLKQSATFEGMY KY
ref |NP_240935.1 AEIIMDEEHFIQGASRLEDRLSQTLKKVKKKEVKEKLTEQISFDISELKQKHPEFPSMYKY
ref |YP _8952975.1 TEFLFSQEELKSGIKHLEEGLTKTMQKLSDDKLKTTVLETVSHEIEMLKNGQS IEQMEKY
ref |NP_976379.1 TEFLFSQEELKSGIKHLEEGLTKTMQKLSDDKLKTTVLETVSHEIEMLKNGQS IEQMEKY
ref YP7001373418.1‘ TEFVFSPEELRVGIEHLEKGLMKTMQKLSDDKIKTAVLETVSHEIELLKNGONIEQMEKY
RAACO01438 FDLMLPQPVADKVADELEARLEARLKTVTDAALRDRLEQSISADIRKLREGQPFAGVARY
** . 3 * .. <k
ref |YP_173587.1 MSLYYETPQSLLSYMPEDAFVWVDEMNRVKEMAEHLQKEEAEWHTAMLEQGS IVHGTHLS
ref |NP_240935.1 ISLFYDDTYSLFSYVPSNGVIFVDEMSRVKEMSESLEKEEAEWHTTLIEQGEIVHDVTLA
ref |YP_892975.1 LSIFYNEPASLIDYLPEDGVVILDEISRIQETASHLESEEAEWYISLLGEGTIIQDLSFS
ref NP 976379.1 LSIFYNEPASLIDYLPEDGVVILDEISRIQETASHLETEEAEWYISLLGEGTIIQDLSFS
ref |YP_001373418.1 LSIFYKEPASLIDYLPENGVVILDEISRVQETASHLETEEAEWYTSLLSEGAIIQDLVFES
RAACO01%38 QLLYPEHADTLFDHVPQPAFVCFDETARILERADVLEKEFREWLSGAMMRGEVLSGTVDA
P L S U S TR N 2 . .
ref |[YP_173587.1 LDALARLQQAPQPVLYTSLFQKOQVPSTKPEQI INLSCKSMONFHGOMDLLTSEVNRWLSN
ref INP_240935.1 HSVLEQMKQGVLPIVYLSLEVRHVPSTNPONI ISFQCKSMONFHGOMPLLQSEVKRWISS
ref |YP_892975.1 HSFEEFLHHKKRSFVYLTLEFLRHIAHTHPONIVNVTCKTMODFHGOMOLLKTEIDRWNEG
ref NP 976379.1 HSFEEFLHHKKRSFVYLTLEFLRHIAHTHPONIVNVTCKTMODFHGOMOLLKTEIDRWNEG
ref |YP_001373418.1 HSFEEFLRHKKRSFVYLTLEFLRHIAHTHPONIVNVTCKTMODFHGOMOLLKTEIDRWNEG

RAACO01Z38 IHYEAKFQELNRPKVHFATFAHTRGSQRYQQVLNISARSMQNFHGQMNVLKQELARWEKA
Dok RRRRK Lok k. kK
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FIG. €6B
ref |YP_173587.1 DYTVLFIAGTEDRANRLALNLEDEKIDAHLIEAITDLTPSKV--QIYTGHLHTGFELSEQ
ref |NP 240935.1 QFATVFIAATRERAKRLNHVLAEEGIEALVVDGEAPLTPGQA- -QIMVGALTSGFELTLH
ref |YP_892975.1 HETTVVLGTDDERVKKLQHILSDYDIDADIVEGTDILLPGRL- -QIAVGDLHAGFEMPMQ
ref |[NP_9576379.1 HETTVVLGTDDERVKKLOHILSDYDIEADIVEGTDILLPGRL- -QIAVGDLHAGFEMPMQ
ref YP_001373418.1| QFTTVILGTDEERAKKLQHILSDYDIEADIIESTDILLPGRL- -QIAVGDLHAGFEMPMQ
RAACO01438 HTQVVFAAATKERADHLARVLDDYRIQADQVE———VFTPGSKVPQIVVANLSSGFELPMH
kK L ke x . R kK Lkkk .
ref |YP_173587.1 KLVVVTEEEVEFSKRAKRPKRRQKLSNAERIKSYSELAVGDLVVHTNHGVGKYLGVETLET
ref |NP_240935.1 KLVVITEEEIFAKKVKRPORKOKLSNAERIKNYSELKVGDLVVHTNHGIGKYLGIETLETL
ref YP:892975.1 KLVVITEKELFHKKVKKSQRKQKLSNAERIKSYSELKVGDYVVHVNHGIGKFLGIETLET
ref |[NP_976379.1 KLVVITEKELFHKKVKKSQRKQKLENAERIKSYSELKVGDYVVHVNHGIGKFLGIETLEI
ref YP7001373418.1| KLVVITEKELFHKKVKKSRRKQKLSNAERIKSYSELKVGDYVVHVNHGIGKFLGIETLET
RAACO1438 RIAVIVETEVFTAKRKHRQTRAQVSDAERIKSYQELNVGDYVVHVNHGIGRYMGIKTLEV
s kL hok cak o hkKkkKk kK kK KAk KKKk Kkk ook, ikgakhkk,
ref |YP 173587.1 NGVHKDYLNLRYAGNDKLYVPVEQIDQVQKYVGTEEKDPKIYALGGSDWKKVKKKVQTSV
ref |NP_240935.1 NGVHKDYLHIRYAGNDKLYVPVEQIDQVQKYVGAEDKDPKLYSLGKSDWKKVKRRVQSSV
ref |YP_892975.1 NGVHKDYLNIKYQGNDKLYVPIEQIDQVQKYVGSEGKDPKVYKLGGNDWKKVKTKVEKSV
ref |[NP_976379.1 NGVHKDYLNIKYQGNDKLYVPIEQIDQVQKYVGSEGKDPKVYKLGGNDWKKVKTKVEKSV
ref YP_OOl3734l8.l| NGVHKDYLNIKYQGNDKLYVPIEQIDQVQKYVGSEGKDPKVYKLGGNDWKKVKTKVEKSV
RAACO01438 DGRRNDYLYLSYAGGDSLYVPVDQIDQIQRYIGSGEKEPKLHSLGS SEWQKTKNRVKKSV
sk s akkk ok ok k Kkkk g hkkkkghkok ks kokkg: Kk ckk Kk ok, kK
ref |YP_173587.1 EDIADDLIKLYAEREASVGHRFSSDGPEQAEFESSEFPYQETEDQLRAIKEIKEDMEKQRP
ref |NP 240935.1 EDIADDLIKLYAEREASKGFAFAPDGPEQAEFEASFPYQETEDQLRAIQEIKEDMEKERP
ref |YP_892975.1 ODIADDLIKLYAEREASKGYAYTPDTAEQCQEFESSFPYQETEDQLRSIEEIKKDMERGRP
ref |[NP_976379.1 ODIADDLIKLYAEREASKGYAYTPDTAEQQEFESSFPYQETEDQLRSIEEIKKDMERGREP
ref |YP 001373418.l| QDIADDLIKLYAEREASKGYAFTPDTAEQREFESSFPYQETEDQLRSIEEIKKDMERSRE
RAACO01438 RDIAGDLLKLYAKREATPGHAFSPDTPWQADFENMEFPYEETPDQLRATIAEIKRDMEKPRE
kkk kk.kkAkk.kkh . ok ..k ok .kk  ARkk.kk KRR .k kKKK kkk. K*
ref |¥YP_173587.1 MDRLLCGDVGYGKTEVAIRAAFKAIMDGKQVAILVPTTILAQQHFETISDREFSDEFPITVG
ref [NP_240935.1 MDRLLCGDVGYGKTEVAIRAAFKAIMNGKOVAILVPTTILAQQHFETIQERFADYPINIG
ref YP:892975.1 MDRLLCGDVGYGKTEVAIRAAFKAIMDEKQVAILVPTTILAQOHYETIRERFQDYPINIG
ref |[NP_576379.1 MDRLLCGDVGYGKTEVAIRAAFKAIMDEKOQVAILVPTTILAQQHYETIRERFQDYPINIG
ref YP_001373418.1| MDRLLCGDVGYGKTEVAIRAAFKAIMDEKQVAILVPTTILAQOHYETIRERFQDYPINIG
RAACO01438 MDRLLCGDVGYGKTEVAMRAAFKAVMDGKOVAVLVPTIVLAQQHYETFKERFAGFPVKIE
Fhkkh ok ok kR kh ko hkhh okhkhhh ok e hhkk chkhhk kkhkk o kh, okk ok
ref |YP 173587.1 VLSRFRSRKEQTEVLKGLKAGSVDLVVGTHRLLSKDVQFRDLGLLIVDEEQRFGVTHKEK
ref |NP_240935.1 VLSRFRSRKEQSQTLKGLKAGSVDLVVGTHRLLSKDVQFKDLGLLIVDEEQRFGVTHKEK
ref |YP 892975.1 LLSRFRTRKQONETIKGLKDGTVDIVIGTHRILSKDVIYKDLGLLI IDEEQRFGVTHKEK
ref |NP_976379.1 LLSRFRTRKQONETIKGLKDGTVDIVIGTHRILSKDVTIYKDLGLLI IDEEQRFGVTHKEK
ref YP7001373418.1| LLSRFRTRKEQNETIKGLKDGTVDIVIGTHRILSKDVIYKDLGLLI IDEEQRFGVTHKEK
RAACO1438 MLSRFRTRKETQEVLKGLKEGTIDIVIGTHRLLONSVQFKDLGLLIVDEEQRFGVTHKEK
shkkkKk kK, sLrhRRK ks ok ks hhkAR ks Kk s hARRER  ARRKRRAKARK A AN
ref |YP 173587.1 IKRMKANIDVLTLTATPIPRTLHMSMLGVRDLSVIETPPENRFPVQTYVVEFNPAIVREA
ref NP:240935.1 TKQLKANIDVLTLTATPIPRTLHMSMLGVRDLSVIETPPENRFPVQTYVVEYNSPLVREA
ref |YP_892975.1 IKQLKANVDVLTLTATPIPRTLHMSMLGVRDLSVIETPPENRFPVOTYVVEYNPALMREA
ref |NP_976379.1 TKQLKANVDVLTLTATPIPRTLHMSMLGVRDLSVIETPPENRFPVQTYVVEYNPALMREA
ref YP_OOl3734l8.l| IKQLKANIDVLTLTATPIPRTLHMSMLGVRDLSVIETPPENRFPVOTYVVEYNPALIREA
RAACO01438 LKQLRANVDCLTLTATPIPRTLHMSMLGVRDLSIIETPPENRFPVQTYVVEYNEGLVKEA

chpsakk ok hkkkkokkkk Ak kkkk ok kk ok kkok cokhkkhk ok hk Ak kkkkk koo kK
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FIG. 66C
ref |YP_173587.1 IERELSRGGQVYVLYNRVEDIERMTEQISTLVPDARVSYAHGOMNERELESI ILDFLEGE
ref [NP_240935.1 IERELSRGGQVYFLYNRVENIERMANEISMLVPDARVSFAHGOMKESELESIMLAFLEGE
ref |YP_892975.1 IERELARGGQOVYFLYNRVEDIERKADEISMLVPDARVTYAHGKMNESELESVMLSFLEGQ
ref NP 976379.1 IERELARGGQVYFLYNRVEDIERKADEISMLVPDARVTYAHGKMNESELESVMLSFLEGQ
ref|YP 001373418. l‘ IERELARGGQIYFLYNRVEDIERKADEISMLVPEARVTYAHGKMNESELESVMLSFLEGQ
RAAC01438 IERELARGGOVYFVYNDVQTIHRMAERVQSLVPDARVSVAHGOMAEAELERVMLDFLEGE
Fhkkkkokkkk ok kk ko ok k.. o kkkakkk. kkkok k kkk .ok kkkok.
ref |YP 173587.1 SDVLVTTTIIETGVDIPNVNTLIVCNADKMGLSQLYQIRGRVGRSNRVAYSYFITYQPDKV
ref |NP_240935.1 SDVLVTTTIIETGVDIPNVNTLIIHGADKMGLSQLYQIRGRVGRSNRVAYAYFTYQRDKV
ref YP:892975.1 HDVLVSTTIIETGVDIPNVNTLIVFDADRMGLSQLYQLRGRVGRSNRVAYAYFAYKRDKV
ref |NP_976379.1 HDVLVSTTIIETGVDIPNVNTLIVFDADRMGLSQLYQLRGRVGRSNRVAYAYFAYKRDKV
ref YP_001373418.1‘ YDVLVSTTIIETGVDIPNVNTLIVYDADRMGLSQLYQLRGRVGRSNRVAYAYFAYKRDKV
RAAC01438 YDVLVTTTIIETGLDIPNVNTLIVYDADKFGLSQLYQLRGRVGRSNRIAYAYFTYQPAKV
hhhh o hkhhh bk hhhkhkhhhhh,  hky o hkhhkkhh hhhhhhhbhh hhk hhk k. k¥
ref |YP_173587.1 LTEVAEKRLQAIKEFTELGSGFKIAMRDLTIRGAGNLLGSQQHGFIDSVGFDLY SQMLKE
ref [NP_240935.1 LSEVAEKRLQAIKEFTELGSGFKIAMRDLAIRGAGNLLGAQQHGFIESVGFDLYSQMLKE
ref |YP_892975.1 LSEVAEKRLOAIKEFTELGSGFKIAMRDLSIRGAGNLLGAEQHGFIDSVGFDLYSQMLKD
ref NP 976379.1 LSEVAEKRLQAIKEFTELGSGFKIAMRDLSIRGAGNLLGAEQHGFIDSVGFDLYSQMLKD
ref |YP 0012373418. 1‘ LSEVAEKRLQAIKEFTELGSGFKIAMRDLSIRGAGNLLGAEQHGFIDSVGFDLYSQMLKD
RAAC01438 LSEVAEKRLAAIKEFTELGSGFKIAMRDLSIRGAGNLLGAEQHGFINSVGFDMYTELLQQ
Kokkhkkhkhh ARk Rhhhhhhhh Ak ok kb hh hh Ak hhhh ok, chhhkk chhhhk . koo ok -
ref |YP 173587.1 ATEERKGEKPKEPPFKAELNVNIDAYIPERYIPDAKQKIEMYKRFKGVETLEEIADLQDE
ref NP:240935.1 ATIEKRKGEQPKEEPRNVEIDVQVDAYIPDSYIQDAKQKIEMYKRFRGVETIEEINDLKDE
ref |YP_892975.1 ATEQRRGTDGVENTVNVEIDLEVDAYLPDAYISDSKOKIMMYKQFRGVSAIEDIEELQEE
ref [NP_976379.1 ATEQRRGTDGVENTVNVEIDLEVDAYLPDAYISDSKQKIMMYKQFRGVSAIEDIEELQEE
ref YP_001373418.1‘ ATEQRKGKQGIENTIDVEIDLEVDAYLPDSYISDSKOKIMMYKQFRGVSTLEDIEELQEE
RAACO1438 AIRELRGEQ- LEKPVEPTIDVPVEAYIPDTYI“DP“QKVAMYKRFRAIQAV“EADDLEDE
LT * Das sakkg ks kk k| kkg kkkoks s sk
ref |YP_173587.1 LVDRFGEYPKQVAYLFEMTKIKLIADQEKVEKI-TEGKDAVTILLTEETTNRIHVATLVD
ref |NP_240935.1 MFDRFGEYPQEVSDLLOLTTIKITIAYQEGVESI-VESKGOWIILLSPETTEGIDGAKLFE
ref |YP_892975.1 MIDRFGDYPQEVGYLLQIANIKVLAMKEQIELI - KONKFEVTILFSEQASQNIDGGKLFEFM
ref NP 976379.1 MIDRFGDYPQEVGYLLQIANIKVLAMKEQIELI - KONKFEVTILFSEQASONIDGGKLEM
ref |YP_001373418. 1‘ MIDRFGDYPQEVGYLLOIANIKVLAMKEQIELI-KQTKSEVTFLFSEQASQONIDGGKLFM
RAAC01438 LIDRYGDPPQEVRNLLDVTRLKSLAMQAHADHIATQGAD TTVRFPNEKHAPVDYPKLLS
EF kL kok koo R ok H. LFL
ref |YP 173587.1 AAQKIGRDVSIGSQCNQIKLVIKTKQLSDETLLAYIIELLEALIRADKSKK--------
ref |[NP_240935.1 VIHKLDQQVGLGTEGERIKLTLKTKQLGTNQLLEVTETLLASLAD-------------~-
ref YP:892975.1 LGNSFGRMIGLGMEGSQLKIVMKTNGL - - -~~~ -~~~ -~~~ — - -~~~ -~~~ ——
ref [NP_976379.1 LGNSFGRMIGLGMEGSQLKIVMKTNGL- - - -
ref |YP 001373418.1‘ B

RAAC01438 MAVKHKAQVTSRPNG-MIFVAFRTKGLAGDEIVRRIIAFLTDYLEMVRQSKKQEEVAGV
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————————————————— VIAASLRRERTRAGLSLSEVAARAGIAKSTLSQLESGSGNPSL
ffffffffffffffffff IGPSLRRERERSGMSLTEVARRAGVAKSTLSQLESGGGNPSV
- IEIVAKGLHRERQKAGLSLAELARRAGIAKSTLSQLEAAQGNPSL
——————————————— ISVIAKSLVRERARTGLSLAEVARRAGIAKSTLSQLESGNGNPSL
————————————————— MLAANLRALRERAGLSLSEVARRSGIAKGTLSQLESGAGNPTI
MILFDISNILIHMNIMKIVSNNLRALRLARGWSISELERRSGVAKGTISQLESGYGNPTV

3 * Kok ik ko k.kk kookkkk . kEkR . .
ETLWALCVALDMPFSRLLD----- PPRPVVHVIRAGEGPAVAAERS -DYHATLLAAGPSN
ETLWALCVALDVOMSQLLD- - - - - PPRPRVQVIRADEGPELTSDRS -DYRATLVASSPES
ETLWSLCVALEIPFAKLME----- SNIPQTQVIRFGEGPSVASEIA-HYQAILLANCPTG
ETLWSLCVALDIPFARLLE----- POVNKTQVIRRGEGTKVVAEQA-NYQAILLAACPPG
ETVFSLENALSVPVSSLLT----- ERLDPEVVLVRERGLEVLSSNAVDLRMLRRMDLTET
ATLWSLASALSVPFSDLIQ----- TAKETESVHESP- - - -VLAEPSGTTRFVDRVTM-EG
LIS T PR * P . .

——————————— PGQPRESQPHIPGVIEHILLAAGRALV
- --PGPARESEPHMPGVVEHVILSAGRALV
- --PGEPRLSHPHPIGSIEHII IMKGCAKV
- --PGADRISHPHPPGSVEHIIVTQGRARV
——————————— PGEVQRSEGHP- -GREHVVVTSGVLRV

——————————— KDDERVSEAHPLGIMEHILVVQGRMEV
sk * *k .. . * *

GPTGEPVELAPGDYIAYPGDAPHVFEALEPGTWATLVIEY--------------
GVAGDPVELGPGDYIAYPGDVAHVFEALEAGTRAVL
GLTAEPVVLNEGDYICYPADQEHIFEALDEDTRAIL
GLTSAPEELGEGDYICYPADQEHVFQALEPDTQALL
GPPDSPFELEAGDYVCFPARQPHIYETVGGPVVSVLLLEYPA------------
GPIGQEIALNPGSYTTFPGYVRHVYRSLDEEARAVLWLVYPSIRAGHEGEGATL
*

* * K I k... ]
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YATTIGEKTPSSILGVIGSWPAEDILDLSLIARALGYPGSASILEQHVSPRGYRILEKIP
YATTLGEKTPESILKVIGSWPAEDLLDLVLIARALGYPGSASVIDQSVSPRGYRALRKIP
FAHPECPHTPHQIMSQIHNLSSEELLDGALLARILGYPPSVNQLEESVPSRGYRILNKIS
YV-KEKIKDPYVLLKQLODMSSFELLDDSILYKLLGYPASTN-IDEYVYTRGYRLLHKIP
YV-KEKIKDPFVLLKELQDMSSYDLLDDSIVYKLLGYPASTN-LDDYVLPRGYRLLNKIP
YA- KEDDVDPEDVLEQMMKCSNEELLDDSNILKLLGYHKAFNVQEQQATPRGYRILHKIP

Skk s RAK LTRSS N

RLPLPVIDNLVKTFGTLNRILVATIEELDDVEGIGEVRARSIKEGLNRYREQLLQER- -
RLPLPVIENLVSTFQYLRTILAASIAELDEVEGIGEVRARSIKDGLTRYGEMLLODR - -
RLPOQPVIENLVEHFGVLSNILKASMADLDKVEGVGPVRARMIQONGLGRIQEQVLIDRQI
RLPMPIVENVVEAFGVLDRIMEADVQDLDEVEGIGEVRAKKIKKGLKRLOQEKHYTIDRQL
RLPMPIVENVVEAFGVLPRITIEASAEELDEVEGIGEVRAQKIKKGLKRLOQEKHYLDRQL
RLPATIVRNLVH“FENINDMLRADLKELDEVEGIGEARAKLIKDGL“RIQEQLFMDRNI

LR B S * * sk kkk ok kk . k. kk K *
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———————————————————————————————————— MNKTELIKNVAQSADI SQKDASAR
------------------------------------ MNKTELVKNVAQSADT SQKDASAA
------------------------------------ MNKTELIKNVAQSADI SQKDASAA
------------------------------------ MNKTELIKNVAQSADI SQKDASVA
NKAALIERVAEKTGLTKKDATVA

LE T

VOQSVFDTIANALQSGDKVOQLIGFGTFEVRERSARTGRNPOQTGEEIQIAAGKVPAFKAGKE
VOSVFDTIANALQSGDKVQLIGFGTFEVRERSARTGRNPQTGEEIQIAAGKVPAFKAGKE
VQSVFDTIATALQSGDKVQLIGFGTFEVRERSARTGRNPQTGEEIQIAAGKVPAFKAGKE
VQSVFDTITNALONGDKVQLIGFGTFEVRERAARTGRNPQTGEEIQIAAGKVPAFKAGKE
VDAVFETIQDALVDGEKVQLIGFGNFEVRERAARKGRNPQTGEEIEIPASKVPAFKPGKS

INTLFDTIRKTVESGEKVQIIGFGTFELRERAARTARNPRTGEAVEVPARRVPAFKPGAE
ik kR LRk kkkk ko kkhkk | kkk o kkk ok kkkkE K

LKEAVK-
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FIG. 115
ref YP_375842.1| ———————————————————— MSKAELVEKIAAQAKLTKVDAERAVNAFINVVTSSLKGGD
ref YP7001131112.1| --- - -MSKAELVEKTAAQANLTKVDAEKSVNAFINVVTSSLKAGD
ref ZP_00591928.1| ——————————————————— LMSKAELVEKIASQAGLTKADAERAVNSFVSVVTDSLKAGE
ref YP_001003150.1| ———————————————————— MNKADLAEKVAAETGVSKRVATDAVSAVFTGIEESLASGE
ref NP7046614.1| ———————————————————— MNKTELIAKVAEKQGVSKKEGAPSVEKVFDTISEALKSGE
RAAC02589 MCCLTGLERMRDLLEKERELVNKGELVAEVQARVGLPKSQVLOVLNTFCEVTTERLOAGE

. * «k .. . * . * *
ref YP_375842.1| DVTLVGFGTEFTTGDRAARQGRNPQTGKAITIPAKKVVKFKPGKALKDEV -
ref YP_001131112.1| DVTLVGFGTFTTGDRAERQGRNPOQTGKTITIPAKTVVKFKPGKALKDEV -
ref ZP700591928.1| DVTLVGFGTFSVGERAERQGRNPQTGETITIAARKAVKFKPGKALKEEVD
ref YP_001003150.1| DVSIPGFGKFAVVARPERQGRNPQTGELIDIPAGMNVREFKPGAPLKREVD
ref NP_O46614.1| KVSIPGFGTFEVRERAARKGRNPOTGEEIDI PATKAPAFKPAKALKDAV -
RAAC02589 EVSLPPLGKFQYVMRSARRQRNPQTGEMIDVPEKATVRFRPSGALKGRVN

* . . .k Kk * k. ok kkkokok . * .

*.k k% *
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FIG. 1lle

ref |ZP_02170919.1 MNKTELINAVAESADLSKKDATSAVDAVFEVITDSLKKGDKVQLIGFGNFEVRERAARKG

ref |ZP_01862118.1 MNKTELINAVAEAAELSKKDATKAVDAVFES IQDALANGDKVQLIGFGNFEVRERAARKG

ref |NP_692713.1 MNKTDLVNAVAEKSELSKKDATKAVDAVFESVMDSLENGEKVQLIGFGNFEVRERSARKG

ref |YP_535778.1 -NKAALIERVAEKTGLTKKDATVAVDAVFETIQDALVDGEKVQLIGFGNFEVRERAARKG

ref YP_359077.1| MNKAELVSVIAEKAEMTKKDAEKALNAVLAATIEEALKKGEKVQLVGFGTFEVRERAARKG

RAACO01442 MNKMELINRVAEKTNLKKKDAESAVNAVFEI IEEALANGEKVQIIGFGTFETRSRAARSG
L RS L BT 2 2 E I P sorak  kokkkgokkh Kk Kk ko kk K

ref |ZP_02170919.1 RNPQTGEEIEIPASNVPAFKPGKALKDAVK

ref |ZP_01862118.1 RNPQTGEEIEISASKVPAFKPGKALKDAVK

ref |NP_692713.1 RNPQTGEEIEIPASKVPAFKPGKALKD- - -

ref |YP_535778.1 RNPQTGEEIEIPASKVPAFKPGKSLKDAVEK

ref YP7359077.1| RNPQTGQEIEIPASKVPVFKPGKLLKE - - -

RAACO01442 RNPQTGEVIEIPASTVPAFKPGNKLKEVTR

hkkkkk: kkk kk _kk kkkh . kk .
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MLNKVILIGRLTQDPELRYTPGGVAVARFTLAVNRARLNKQGERETDFIDVVVWQKQAET
MLNRVILIGRLTADPELRYTNNGTAVASFTLAVDRMRSGPNGERQTDF INVVVWQKQAETL
MLNSVVLIGRLTKDPELRYTPSGKAVATLRLAVDRGTVNQQGERETDFIDIVVWEKQAET
MLNRVVLVGRLTRDPELRYTPNGVAVANFTLAVNRPFSNQQGEREADFINCVVWRKQAEN
MINRVILVGRLTRDPELRYTPSGVAVATFTLAVNRPFTNQQGERETDFIQCVVWRROAEN
MMNRVILVGRLTKDPDLRYTPNGVAVATFTLAVNRAFTNQQGEREADFINCVIWRKQAEN

Fak Kok kkkk Ak kRER ok kAR *h ok ok sEkkK L L kkk, k| kA

CANYIRKGRLVAVEGRLOVRSYDDSQGIRRKAAEVVAETVRFLDR---------------
VAQYLQKGRLAAVDGRLQIRSYDNRDGQRVRVAEVVAETVRFLDRGPDQAQGSGYSAAG-
VANYLQKGRLVAVQGRLQIRQYTTOQDGQKREKAEVVATTVRFLDSARD -~ ----------
VANYLKKGSLAGVDGRIQTRSYDNNEGR---------------------~—-~—-~-—~-—--—----
VANFLKKGSLAGVDGRLQTRSYENQEGRRVYVTEVVADSVQFLEPKGT - SEQRGATAGGY
VANYLKKGSLAGVDGRLQTRNYEGQDGRRVYVTEVLAESVQFLEPRNSGGEQRGSFNQQP

kesiokk ko k.okk ok kK ok

YGDPFPFGQDONHQY PNEKGFGRIDDDPFANDGQPIDISDDDLPFE
SGAGFGNQGSNPFGQSGNSGFTK-NDDPFSNVGQPIDISDDDLPF
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MRLSSCASSKHNTRCQLOQRLGQOPHCTGQCVACSLRHPFALHWNPADVDGRI IASVTLDC

—————————————————————————— ILVVDDEKKIVEVVKSYLEHSGYEVYEAFTGKEA
—————————————————————————— ILVVDDEQKIVDVIRAYLEKAGYEVHSAYNGTEA
----ILVVDDEIKILEVVKSYLEREGFSVITETNGNNV
—————————————————————————— IFVVDDEIKILEVVKSYLEHEGEFSVITETNGNNV
—————————————————————————— IFVVDDEIKILEVVKSYLEHEGFSVITETNGNNV

EDGMKTADCRQIVTHAGGATMKRHHTILVADDEKKIADVLSLY LEQAGFGVVCVDNGSEV
kok KKK KK Lk, L N T I

LYVFEKVPLSLIVLDLMLPDLSGEEICKIIRKKSRVPIIMLTAKAEEEDILKGLNIGADD
VKLFEKISPALIVLDLMLPDISGEDICKMLRKKSRVPIIMLTAKVDEKTVLEGFNIGADD
LDTFKKEKPDLVILDLMLPGISGEELCKRLROFSNVPILMLTAKVQESDKINGFSIGADD
LDTFKKEKPDLVILDLMLPGISGEELCKRLROFSNVPILMLTAKVQESDKINGFSIGADD
LNTFKKEKPDLVILDLMLPGISGEELCKRIRQFSNVPILMLTAKVQESDKINGFSIGADD
LRRLEGLHPSLIILDLMLPDIPGEEVCMAVRARSAVPILMLTAKHRDEDRLRGLQIGADD

Koookkkkkk o kkyok ok ok kkkhkkkkk DLk kkkkk

YITKPFSPKQLVARVTAVLRRTSDDPVPLSNIFSFNNGDLVIDSLKYEVRKGNNVVNLTP
YVTKPFSPKQLVARVMAHLRRTEEEAI PLSNILSFNNGDLVLNVIKHEVRKNGITVNLTS
YITKPFSPRELVMRVKAILRRTTDD-VPLAEVMSFNNDDLVVDLRAHTVRKKGVVVNLTP
YITKPFSPRELVMRVKAILRRTTDD-VPLAEVMSFNNDDLVVDLRAHTVRKKGVVVNLTP
YLTKPFSPRELVMRVKAILRRTSDD-VPLAEVMSFNNDDLVVDFKAHTVKKKGVVVNLTP
YVTKPFNPNEVVARVOAILRRTMLD- HPLADRLEYRDGDLVIDALSQVVYKGGINAELTA

Kokkkk Kk _ak Kk ok kkkk . kk g ..z Kkkg: . TR
NEYKILMTLVKYPGKTFTRDELINMALGDDFDGFDRTVDTHIKNLRQKIETDPKSPKYIL
SEYNILMTLVKYPQKTFTREELVNLALEEDFNGFDRIIDAHVKNLRQKIEDNSREPKYIL
NEFKILKILIRNPNRVFTREELIEKVMGFDYEGYDRTIDAHIKNLRQKIEDDTKNPVY IK
NEFKILKILIRNPNRVFTREELIEKVMGFDYEGYDRTIDAHIKNLRQKIEDDTKNPVY IK
NEFKILKFLIRNPNRVFTREELIEKVMGFDYEGYDRTIDAHIKNLRQKIEDDTKNPVY IK
TEYKLLVILSRHPRRVESREELIERVFGMDFRGDVRTIDAHVKNLRAKIEDDPKSPVYIQ

RERES * . ok, kokokk., . k. K * gk ok kkkK kkk sk ko

TVHGVGYRFEG---
TVYKVGYRFGGE- -
TVYGVGYKF -GDGN
TVYGVGYKF -GDGN
TVYGVGYKF -GDGN

TVYGMGYREGGDGN
kk. kKK K
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————— MRLLVVEDNASLLESIVQILRDE-FEVDTALNGEEGLFLALQNIYDAILLDVMMP
————— MRLLVVEDNASLLESIVQILRDE-FEVDTALNGEEGLFLALONIYDAILLDVMMP
MEGESMRLLVVEDNTSLLESIVQILRDE-FEVDTALNGEDGLFLALONIYDAILLDVMMP
————— MRLLVVEDNASLLESIVQILRDE-FEVDTAMNGEDGLFLALONIYDAILLDVMMP
MEGESMRLLVVEDNASLLESIVQILRDE-FEVDTAINGEDGLFLALONIYDAILLDVMMP

MEG- AMRILLVEDDRGL“DALAELLREE“FQVDVAHDGEEGLYLAETAVYDALVVDVMLP
Ak ko kkhh, K shKh ok kokk ok s kkghk kK chEkK s kkK LK

EMDGFEVIQKIRDEKIETPVLFLTARDSLEDRVKGLDFGGDDY IVKPFOQAPELKARIRAL
EMDGFEVIQKIRDEKIETPVLFLTARDSLEDRVKGLDFGGDDY IVKPFQAPELKARIRAL
GMDGFEVIQKIRDEKIETPVLFLTARDSLEDRVKGLDFGGDDY IVKPFOQAPELKARIRAL
EMDGFEVIQKIRDEKIETPVLFLTARDSLEDRVKGLDFGGDDY IVKPFQAPELKARIRAL
GMDGFEVIQKIRDEKIETPVLFLTARDSLEDRVKGLDFGGDDY IVKPFQAPELKARIRAL
GLSGYDLVRTLRDKRVHVPVLFLTALGDVDHRVQGLNAGGDDYLPKPFATEEFLARLRAL

R Sas L EREERKEK .. Kk okk. kkkkk . kkk . k. kk .k kk

LRRSGSLTTKQTIRYKGIELFGKDKDVQVDGOSMKLTLKQYELLEYLIQNSGKIIMREQTI
LRRSGSLTTKOTIRYKGIELFGKDKDVQVDGOSMKLTLKOYELLEY LVONSGKILMREQI
LRRSGSLTTOQTIRYKGIELFGKDKDVQVDGOGIKLTLKQYELLEYLIQNSGKILMREQI
LRRSGSLTTQQTIRYKGIELFGKDKDIQVDGOGIKLTLKOYELLEYLIQNSGKILMREQI
LRRSGSLTTOQTIRYKGIELFGKDKDVQVDGKGMKLSLKQYELLEY LVOQNSGKILMREQI
LRRNRELGTDMTLRSGLLVLDPLARRAAFGNEPIKLEDKEFDLLEY LLSHRGQILMRER I

KEkk |k Kk K.k P . Lot iRk kg kkkhKh ., . KokkkkAk ok

FDRVWGFDSDTTVAIVEVYVHHLRKKLEPFGYQKDIQTVRGIGYI----
FDRVWGFDSDTTVAIVEVYVHHLRKKLEPFGYQKDIQTVRGIGYI- - -~
FDRVWGFDSDTTVAIVEVYVHHLRKKLEPFGYQKDIQTVRGIGYI----
FDRVWGFDSDTTVAIVEVYVHHLRKKLEPFGYQKDIQTVRGIGYI-
FDRVWGFDSDTTVAIVEVYVHHLRKKLEPFGYQKDIQTVRGIGYI----

FNRVWGIDSDVMDTTVDLYVHYLRKKLQPFGYDTAIRTVRNVGYMWSDP
hokkkk o hh Kk ok ikkk o kkkkk ok kA K, kokkk | o kk .
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ref |[YP _001244333.1|
ref |ZP 02128221.1]
ref |[NP_22800L1.1|
emb | CAI44346.1|
RAAC01903

ref |ZP_02171167.1|

ref |YP 001244333.1|
ref |ZP_02128221.1|
ref |NP_228001.1]
emb |CAT44346.1|
RAAC01903

ref |ZP_02171167.1]

ref |YP 001244333.1|
ref |ZP_02128221.1]|
ref |NP_228001.1]|
emb |CAT44346.1|
RAAC01903
ref|ZP_02171167.1]
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-IPDRILLKPGILTPEEFEIMKQHTTIGFKILSRSNSPILQLGAEIALTHHERWDGSGYP
-IPDRILLKPGILTPEEFEIMKQHTTIGFRILSRSNSPILQLGAEIALTHHERWNGAGYP
-IPDRILLKPGILTPEEFEIMKOHTTIGFRILSRSNSPILOLGAEIALTHHERWDGSGYP
-IPDRILLKPGILTPEEFEIMKQHTTIGFRILSRSSSPILQLGAEIALTHHERWNGSGYP
QIPDEILRKPGRLTPEEFDIMKMHTIYGRDMMNSPVHPFLHIGSTVAEQHHERYDGSGYP

QVPEEILLKPSKLTEEEWAIMKLHTSYGAEMLRETCISHFLLAAEVVEQHHERYDGSGYP
sk kk kk | kk Kk, kkk Kk K . Lot ot i, hkkk . kikkk

RGLKGREIPISGLIVAVADSFDAMVSKRPYKNPKPLEEAFREIESLSGKLYSPEVVEAFL
RGLKGREIPISGLIVAVADSFDAMVSKRPYKNPKPLEEAFREIESLSGKLYSPEVVEAFL
RGLKEREIPISGLIVAVADSFDAMVSRRPYKNPKPLEEAFREIESLSGKLYSPEVVEAFL
KGLKGKEIPLSGLIVAVADSFDAMVSRRPYKKPKTLEEAFQEIEELSGKLYSPEVVKAFL
YGLKGEEIYLPAAIVAVVDSYDAMTSQRPYQRPKSKHEATIEEIRALRGKLYDPRVVDAFL

RGLKKEEISLEAAIVGLVDSYDAITSERVYQHARSHESALNELRGLRGIKYQPDVVDAFT
khkk  kk . kk . kk.kky ok ok k. . k. k. ok Kk kK kk k%

KLEKEITD-

KLEKEITD-

KLEKEITD-
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————————— IKVLVVDDHEFFRRGLVSVLAEEPDIEVVGEAGDGEEAVARAKELRPDVVL
—————— EEPIRVLVVDDHALFRRGLEIVLAAEEDIQVVGEAGDGAEAVEKAADLLPDIVL
----EGSALIRVLVVDDHELFLQGLQTVLEIEEDISVVGRAGNGQEALTLASGTSFDIVL
----RDVMPIRVLVVDDHELFLOGLQTVLETEEDISVVGRAADGQEALTLASGTTPDIVL
MGTWQDESVIKVLVVDDHELFRRGVVTVLRSTPGIYVVGEAGNGREAIECFQTLOPDVTL
————————— MKVLIVDDHLMLRKGVLSVLSNTD-LEVIGEASNGOQEALELVPKLKPDLVL

ikk L RERK L. k. k% Kok kL Kk LE R

LDVRMPKRSGIAACAGIKEAVPDAKIVMLTMSDEEEDLFEATIKAGATGYLLKEISVVELP
MDVRMPKRGGIEACTSIKEVAPSAKIIMLTISDEEADLYDAIKAGATGYLLKEISTDEVA
MDVRMPGRDGIAAAGAIKRAVPRTRIVMLTVSDEESDLFEATIKAGAVGYLLKSIPPHEVA
MDVRMPGRDGIAAAGAIKRAVPRTRIVMLTVSDEESDLFEATIKAGAVGYLLKSIPPHEVA
LDIHMPVCNGLETARKMREANPNTKILMLTVSETEEMLFEAVKSGASGYVLKSVSPERLI
MDINMPVLDGVEATRKLKOMYPDLKVVILTVSEIDKDLFEAIKAGADGYLLKNLGPEEL

Bl I LR HEN * trakRok Fookokokk o kkokk .

EAVRAVCKGQSFINPSMATKLINEFAALARKGKDRRSQPTKP-PRLTERETEVLRLVARG
TATRAVADGQSQISPSMASKLLTEFKSMIQRTDERRLVPA - - -PRLTDRELEVLKLVATG
DAVRAVHNGQSLISPSMASKLMVEFATMARGTEDRPRAHA - - - PHLTARELEVLKLVAEG
DAVRAVHNGQSLISPSMASKLMVEFATMARGGEDRPRAHA - - -PHLTARELEVLKLVAEG

ECVRQVYEGEPVVPSSLAMKMIAEFSRTAETRMPSSESVT - - - -ELTEREREVLQYLSAG
SSLRAAISGEAPISSVMAAKMLKEF - ROPRANTTGKQPGO - - - -QLSPREIEVLRLASTG
A S I H R . SR ok ke R

LNNRDIADRLYISDNTVKNHVRNILEKLQLHSRTEAAVYAIR------------~
MNNRDIAKELFISENTVKNHVRNILEKLQLHSRMEAVVYAMREKI - ---------
RANREIARKLFISENTVKNHVRNILDKLOLHSRMEAVMYAVRQGL----------
RANREIARKLFISENTVKNHVRNILDKLQLHSRMEAVMYAVRQGL----------
ASNKEIARALFISENTVRNHVRHILDKLHLSNRAQAAAYAVRNGIARGRQLTSDV
LTYKEIAAKLYVAESTVKNHMRHILEKLHLRNRSEAVGYAIRTGLA------ - - -

s kK kosss KKk kK ok kk kK ok ok ok kk .k
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RGLDPLTGLYNRRGAEEWLNLHEGNAGIAVLVDLDDFKFINDFFGHDAGDEVLRKVGGLL
LYTDALTGIYNRRYYEERIKNSDMTAGIA-MIDLDDFKIYNDTFGHDAGDLALTTVVGIV

LRFVSSPGIGVRWGGDEFLILAEHETAQSAEQFVEELFSQLSSLELS - LNERRLRLRCSV
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-HRLA- - -ETMKTVLDAAYEGVVVVDEDGVVREINRAYCQFLGIRREEAIGKHVTEVIEN
—————————— LESATESMFEGFVAVDKNGY ITMMNQAYGEFLGVDAKEVIGRHVTEVIEN
MHELAASGDVLRLILDSMYEGIVLVDAKGHIVEINQAYLKLLNMERDRVIGRHVTEVIEN
MAQTKNTAEILNAVLESAYEGIAVVDENGILIEFNEAYSRFTGIKREDAIGRHVTEVIEN

—————— SAEIVEVILESAYEGVAMVDRNGIIVEFNDAYSRFTGVDKKEAIGHPVQEIIEN
R T S S S PR L Lo kk kK ko kkK

TRLHICVQSGIPERGYIQKIYGQPMVVHRIPIWRDGKVIGAVGMLIFQGVSEVYAIFQRL
TRLHICVQSGIPERGYIQKIYGQPMVVHRISIWRDGKVIGAIGMLIFQGVSEVYEIFRRL
TRMHIVAQTGKPEIGEVQRIGKHAVVVTRKPIIQDGEVVGAVGKILFKDVKDFKMLARKL
TRLHRVVETGIPERGQLQRIRQHDMVVHRIPIWQGGKVVGAIGVLIFESIRDLYEIIERL
TNLHVTVKTAIPERGVIQYIQGOAMVVHRIPIWKGGRVVGAIGMLIFEGVSELYQIFERL
TNLHQTVKTGIAERGVIQYIQGQPMVVHRIPVWRNEELVGAIGMLIFEGVTELYQIYDRY

LR EEE RS PR S e R A
QELSR- - - -EASRKEKNEAEASKOEAVASAAVGVERIIGRHPTIAAVKOMIRRAARVPST
QELSR- - - -EASRKEKQETEAKPQETAASAPKGIERIIGRHPATAAVKOMIRRAARVPST
NSLQS----ELEY-YKEELRK---VHGGK--YTIESIVGQSEKMEWLKTIAAKAAKGNST
QEHAP----QVPS-ARPETEQGSEAHQVRWAYRIDDFLGQSRAVLDLRRMARKARQTPVT
QODSL- - -SARKE-KTGSKKMPDOAGET------- QILGTSESISRVKRLARRAARTSAT
QEKKQ----- KMITEKHSRKEDSNPGQPD - -NYLEQIIGOSEELTKLKRMTRKVAQTEAT
. i - P Lk *

VLITGESGTGKEVVARAIHEAGAHADGPFVSVNCAAIPEALLEAELFGYEDGAFTGAKKG
VLITGESGTGKEVVARAIHEAGPHADGPFVSVNCAAIPES LLEAELFGYEDGAFTGAKKG
VLILGESGTGKELFAHATHNASARRHGPFIKVNCAALPESLLESELFGYDEGAFTGARKG
VLITGESGTGKEVLAQGIHFESNRANGPFISVNCAAIPDSLLEAELFGYDEGAFTGAKRG
VLITGESGTGKELFAKSIHQLSTYARGLFITVNCGAIPEPLFESELFGYEEGAFTGAKKG

VLITGDSGTGKELFAKSIHOLSDYKSGPFVCVNCGAIPEQLFESELFGYEDGSFTGAKRG
LR IR I L Aok kkk kok ko ko kkkkk ko khkk. oK

GKPGKFQLAHGGTLFLDEIGDMPLAMQAKILRVLEEKKVEKVGGLSETEVDVRIIAATNK
GKPGKFQLAHGGTLFLDEIGDMPLAMQAKILRVLEEKKVEKVGGLSGTEVDVRIIAATNK
GKPGKIELANGGTFFLDEIGDMTLAMOQAKLLRVLOQEREIERVGGTKTNKVDVRIIAATNR
GKPGQIELAHMGTLFLDEIGDMPLSMQAKLLRVLEDRQVQRVGGTVKREVNLRLISATNR
GKPGKFELAENGTLFLDEIGELSPAMQTKLLRAIQEKEAERVGGVKKYKTNVRIVAATNR
GKKGKFKLADNGTLFLDEIGEMPLAMQTKLLRVIQEKEYEKVGGLTKQPLKARVVAATNR
LA I IR Kk okkkdkk, . P I I o kkR . *. o kk Kk,
PLEEMVRDGTFREDLFYRINIIRIHLPPLRERKTDIPALLAHHMERLCRQFGVVSKSFAK
PLEEMVRNGTFREDLFYRINIIRIHLPPLRERKTDIPALLAYHMERMCRQFGVALKSFTK
DLEKMIERGEFRQDLYYRLNIISLHIPPLRERKEDIPLLCTALLKKINVQVQHWVDGVSP
DLERMVEEGRFREDLYYRLNIIRLHIPPLRERKEDIPLLLAHYLDMTCERLGKPRMHLSS
NLEEMVEAGTFRADLYYRINIIRIHLPPLRERKEDIPGLVSHFLKAFCRRYDLPEKRISS
NLKVMVEEGTFREDLYYRINVIELYIPPLRNRERDIPLLISSYLLTICKKYNMKKKEITP

kooky o Kk kK Kk okk.kgk ..o kkkk. k. KEkE KX
EAMEVLINYSWPGNIRELVNVVEWLISMVE--GENIEREHLPAYL------- STIHPSVT
EAMEVLVHY SWPGNVRELVNVVEWLISMVE - -GEKVEREHLPSYL------- STVQPAAS

EAMELLLAYDWPGNVRELENVLERAVNLMEEDERQILPEHLPPALKK- THKAKDLDDGLK

EVVERLLAYDWPGNVRELVHMVEVLVSLC- -DSAYVRLDDFPPHLHKLLOERSSRSPAIT

EAVAAMMAYGWKGNVRELANTVERLVTLAD- -GPEISRGDLPEATHEAQPAKDIYAESLI

EAMAVLMKYKWYGNIRELINTIEKLVILTE——NDMIDYHHLPNYMKR———EEFTIDNRLS
Kk k kkekkk . ok . o .
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————————————————— MTFTAQLREETEPLFEAIYQHPFVRGLAEGKLEKKQIIHYVKQ
MSFSAELRREADPIFEAIFEHPFVLGLASGRLEKEQLIHYVKQ
MSFTAELRKTADPIYKAIFSHPFVOGIGKGSLPADSLIHYVKQ
——————————————————— FSARLKATAQPVLADIENHPFVRGIQAGAVPAAAIMVYVEQ
MGPSRVPLWPPAEEALLMSEFSASLIAMSNPILDAILRHPFVRGIAEGNLSKAAATIRYVSQ
fffffffffffffffffff FSARLWASTEPVYEAILRHPFLTGLTDGTLPRAAFAHFVIQ
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DAEYLOQAFIKIYAAALSRCTDKEDIAFFHQQIEFVLDSETHPHONLCRVAGVSYDGLQG-
DYEYLNAFIQIYGIAISKCONRKDMEMFHEQISFVLDSEVHPHKNLCRAAGVEYETLQG-
DFEYLNTFMQIYGIAISRCENREDMAMFAEQIGFILHSETHPHHNFCKVAGVRYEDLQY -
DTCFLDAFAKVYAGALSKCTTKDOMRFFEEQIRYTLNDEAGAHQILCDIAGQKLSDHQH-
DOPYLETYLRVFAHAAATAPRHEDVADFHGRMSLLLGGETQAHDNLLRYAGATPHDVEG-
DAHYLRDYARALAVCAAKAPTEDDVRALANDAAEAVAAEQAMHVDLLDALGGPAPGDPAP
* .k . . . .. . Y * *

———————— APLAPSAHHYIHHMLOQVAKEGTLGEMIAVLLPCPWTYWEIGKRMLTDVQPDP
-YPLAPSAHHYVRHMLTAAHEGTLGEILAVLLPCPWTYWEIGKKLMKDVQPDP
-EPLAPTAHHYTRHMLDVAHRGSLAEILAVLLPCPWTYQAIGDYLYETFQPKA
———————— AKQRPITYLYNEHLFNALRTGDLIDLIAAMLPCPWTYTEISQQI - -VDGAAP
———————— QPKLPTLHHYESHLLASAARGDFAELVAATLPCHHVYVEIGQRLEPILEEKP
GGTPPGGVATVAPTTRAYTSYLLATVYGGSFLEGLAAVLPCYWIYARVGARL - -LADSSP

* * HE L A * HN :
SHPFYEWITFYG----GLTDSITVELCKRLDQLAEAASEKEKEKMKQHFILSCOLEYKFW
SHPFYDWICFYGN- - --RTDSITTKFCARLDEWAETAGKAEKEKMKELFLQSCOLEYGFW

NHPFFDWISFYRS - - -NGEMGVTKQFCKRLDELAAHATEQEKERMQDHFLKSCQLEYSFW
DNPFLPWIEFYQPQPGQIDGSMVKTLFGMVDELAIGLSEERQHEIEQRFLRSCELEYEFW
DHPFAAWIRFYAD- - - PGMODATHRLFAMIDREAAHFSTERARRVEAAFVASCHLEYRFF

DPVYARWIAAYGD- - - PAFQAVADRVVALTDRVGAFASEPELVRAADHFAVTARYEWMFW
s Rk K * * PR

EQAYYQKDW--------=--~
DMAYRGESWILPKEALSDVSTP
DARWRRETH-----------~-
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KKILFDVDGVFLSEERCFDVSALTVYELLMDKCYLGLHSHIDWETLT--DNDIQDIRNRI
KKILFDVDGVFLSEERCFDVSALTVYELLMDKCYLGLHSHIDWETLT--DNDIQDIRNRI
KKILFDVDGIFLSEERCFDVSALTVYELLMDKCYLGLHSHIDWETLT--DNDIQDIRNRI
KAILFDVDGVFLSEERCFDVSAITVAELLSSPDFLNCDIDIHFDGNLTEND - INKIRRNV
QTVLFDVDGVLLSEERYFDASGLTVWELIHSGHYLGLAPEQFKTTLTDEE - - IRRIRADV
RTILFDVDGVMLSEERYFDASALTVHELLTSQRFLGLSSVSPAFSPAPAEDAIRAIRRDV

Skkkkkk L ckkkkk kk ok okk Kk, | k. k*

FOKDKILNKLKSLGLNSNWDMLFIVFSIHLIDILKKLSHDEIEAFMYQ-----DEPVELK
FQKDKILNKLKSLGLNSNWDMLFIVFSIHLIDILKKLSHDEIEAFMYQ-----DEPVELK
FOKDKILNKLKSLGLNSNWDMLFIVFSIHLIDILKKLSHDEIEAFMYQ----- DEPVELK
FNNDRILNQLKSLGLNSNWDMLFIVFSIHLIDKAKQLKPSLRDQLLDE---- - LLFTKET

FOHDEVLRFLKSRGMNANKDMIYLTFTCQLLHLLSQIKEKEAGRIRGW- - -LASEIGDVT
FRYDAVLEGLKNIGVNANWDMVYFVEVAEWVAALERAREASEEAVDRARSVLREGFSEAS

Kok Lk kK kok o kkRR .. K

LQON---ISTNLADCFNLNEQLPLQFLDNVKVGKNNIYAALEEFATTELHVSDATLFSLKG
LON - - - ISTNLADCFNLNEQLPLQFLDNVKVGKNNIYAALEEFATTELHVSDATLFSLKG
LON- - - ISTNLADCEFNLNEQLPLQFLDNVKVGKNNIYAALEEFATTELHVSDATLFSLKG
LKE---IAKDLTDKT - INYSLPYDVIASFRNGKDAIYEDLEVYAKNQLELNNTSLFKLKS
LHE----MREVLAHYPFVE-TDYSIFLNWFAKRPETKQDLLKVLDQLAYEIFGLTDTQLGK
LRAIGGLLREALPGYVIAWKGYDALYEGASSRSDLMERAREALARYAPEAD---------

-------- ALWTLAQEVYQEWYLGSKLYEDVEKKIARTTFKTGYIYQEI ILRPVDEVKVL
77777777 ALWTLAQEVYQEWYLGSKLYEDVEKKIARTTFKTGYIYQEI ILRPVDEVKVL
-------- ALWTLAQEVYQEWYLGSKLYEDVEKKIARTTFKTGYIYQEI ILRPVDEVKVL
-------- ALWTLAKDIYQEWYLGKALFNQVEYKKDIQDFKKGFIYDEVILKPIEEIQLL
------ KGALWSVCEHASQEWYVGDQN IVASTGKPSVQTGKKGFLDEEI PLAEPEKIGAL

—————— AHATWQVGQETFQEWYLGD- - - -AYTGK- - -ETGKAGFLTSEYPIVDPAAFAAL
kkk o . kkkkok * k k.. k. . *

LNDLKGAGFELGIATGRPYTETVVPFENLGLLPYFEADFIATASDVLEAENMYPOARPLG
LNDLKGAGFELGIATGRPYTETVVPFENLGLLPYFEADFIATASDVLEAENMYPQARPLG
LNDLKGAGFELGIATGRPYTETVVPFENLGLLPYFEADFIATASDVLEAENMYPQARPLG
LONLIEAGYQIAIATGRPRTETIIPFQSLGLKSYFKDEHIVTASEVLLAEKQFPQYQPLG
FSFLAEKGLKLGVGTGRPQLETYGPFRALGWLPLFHEEHIVTADDVLKAEEELGGHTPLA

LADLKAAGVTLGIATGRPEIETRVPLEHFGWLSYFDPARVTNASDVVAAEERVPHARPLS
* LI 2 2 L I L T P I FIUEUE T P *k

KPNPFSYIAALYGN-NRDKYESYINKQDNIVN-KDDVFIVGDSLADLLSAQKIGATEFIGT
KPNPFSYIAALYGN-NRDKYESYSNKQDNIVN-KDDVFIVGDSLADLLSAQKIGATFIGT
KPNPFSYIAALYGN-NRDKYESYINKQDNIVN-KDDVEFIVGDSLADLLSAQKIGATFIGT
KPNPFSYIATLNGN-YNDQYERYATKQEDIVN -KDEVYIVGDSLADLLSAKKIGATFIGT
KPNPFTYLLALKGK- -NTPARDCT-ECSLPLENGQEILIVGDSLADLLAAQKIGAQFAGT
KPHPFSYLRSLMGE - -ADVEKLLTVELPIPGIRG-EVLVVGDSIADKLAADRLGASFAAV

LEFE L P U shkkKk L kk K.k L kR K
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—————— VKVADLVRTFKLEVISGEEGLKRTITVADLYRPGLEMAGYFNYHPQERVQLLGK
—————— VKVSELVNQFGLEVISGEQGLKRAITVDDLYRPGLEMAGYFEYHPPERVQILGK
—————— VRTKDIIEQFQLELVSGAEGIYRPITTSDLSRPGIEMAGYFAYYPAERLQLLGR
ffffff VRTKDIIEQFQLELVSGAEGIYRPITTSDLSRPGIEMAGYFAYYPAERLQLLGR
—————— VRTKDLIEQFQLELVSGEEGIHRPIDTSDLSRPGIEMAGFFTYYPADRVQLLGK
MANLRGVSVRQLVRDLDLHVFNEDADLDRMIYTRDINRPGLALAGYLRYHPAERVQILGR

Kok kg kkk . kK. Kok ckik kK,

TEMSFYETLTGPIRQRRARQLCTSPETPCIIITRGLDIPDEIIEEAAKHHLPVLRSKVAT
TELAFFEMLPEKERKDRMERLCSSDETPCIIVTRSWKVPEELIEISSEKQIPVLRSSMAT
TELSFYETLTPEEKKSRMERLCT-DITPGIIVSRGLEVPPELIEASERQSVPVMRSTMKT
TELSFYETLTPEEKRARMQRLCT-DITPGIIVSRGLDVPPELIEASERQSVPVMRSTMKT
TELTFFDTLTNDQKQERMKALCT - EETPCIIVTRNOQDVPKELLQASRESGVPLLRSSQTT

TELSFLRGLNEKERALRAFAFCSYQQTPCIIITRGDTPPPVLLEEAASRRIPVLGTPMVT
*k ook * : *k kk .ok * .

TILASRLTNYLENKLAPSTTIHGVLVDVYCVGMLITGGSGIGKSETALELVKRGHRLVAD
ATLSSRITSFLERKLAPTATIHGVLVDVYGVGMLITGSSGIGKSETALELVKRGHRLIAD
TRLSSRLTNYLESKLAPTTAVHGVLVDVYGVGVLITGKSGVGKSETALELVKRGHRLVAD
TRLSSRLTNYLESKLAPTTAVHGVLVDVYGVGVLITGKSGVGKSETALELVKRGHRLVAD
TRLSSRLTNYLEGKLAPTTAVHGVLVDVYGVGVLIIGQSGVGKSETALELVKRGHRLVAD
TRLTARISNYLEDKLAPETLQHGVLVDVYGIGILIIGSSGIGKSETGLELIKRGHRLVAD

LIS SIS A I & S 8 LR AR AR A RS EE NSRS LSS ENEEEER S LSS S NS

DAVEIRQTADYVLSGNAPELIRHLLEIRGVGI INVMTLFGAGAVRNEKKISVVVKLETWQ
DAVEIRQTSDNQLHGTAPELIRHLLEIRGVGI INVMTLFGAGS IRNNKRISLVVRLEAWQ
DCVEIRQEDEDTLVGSAPELIEHLLEIRGLGI INMMTLFGAGAVRTHKRISLVVDLELWD
DCVEIRQEDEDTLIGSAPELIEHLLEIRGLGI INMMTLFGAGAVLPHKRISLVIDLELWD
DSVEIRQEDEDTLVGSSPDLIEHLLEIRGLGI INVMTLFGAGAVRNYKRITLVINLEIWD
DAVVIRQISDDYLVGSAPPLLONLIEIRGLGVLNAMTLFGAGAVRTHKRISMVVHLEAWR

*k kkk . A ok ok ko ckokkkk ks ok KkkAKRK .. keke ks Kk K

QDKQYDRLGLDEETTRIIDTDLPLVTIPVRPGRNLAVIIEVAAMNYRLKRMGYNAALQFT
QEKQYDRLGLDEETTRIIDTDVPLVTIPVRPGRNLAVIIEVAAMNFRLKRMGYNAAIQFET
PEKQYDRLGLEEEKVKILDTELPKLTIPVRPGRNLAVIVEVAAMNFRLKRLGVNAAEEFS
PEKQYDRLGLEEEKMKILDIELPRLTIPVRPGRNLAVIVEVAAMNFRLKRMGVNAAEEFS
ONKNYDRLGLDEEKMKIIDTELTKITLPVRPGRNLAVIIEVAAMNFRLKRMGVNAAQQFS
DNHAYDRLGIETETMKILDIELPKVITVPVRPGRNLAVIVEVAAMNFRLKGMGLDAAKQFA
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MNTTIYDVAREAGVSMATVSRVVNGNPNVKPATRKKVLEATIERLGYRPNAVARGLASKRT
MNTTIYDVAREAGVSMATVSRVVNGNPNVKPTTRKKVLEAIERLNYRPNAVARGLASKRT
MTVTIYDVAREANVSMATVSRVVNGNPNVKPSTRKKVLEAIERLGYRPNAVARGLASKKT
MTVTIYDVAREANVSMATVSRVVNGNPNVKPSTRKKVLEATIERLGYRFPNAVARGLASKKT
MKPTIKDVARKANVSVATVSRVLNNQPGYSVETEKKVLEAIDELGYHPNALARGLVGKRT

MRATIRDVAKAAGVSAATVSRALNRPDLVDPETLERVRKAMEEMSYQPSATARGLSARRS
d kk kkk . Kk kk kkkkk .k R e R R BT 2 .
TTVGVVIPDISSIFFAELARGIEDIATMYKYNIILCNSDOQNKEKEIHLINTLLEKQVDGI
TTVGVIIPDISSIFFSELARGIEDIATMYKYNIILCNSDONKDKEIHLINTLLEKQVDGI
TTVGVIIPDISSIFFAELARGIEDIATMYKYNIILSNSDOQNKEKELHLLNTMLAKQVDGL
TTVGVIIPDISSIFFAELARGIEDIATMYKYNIILSNSDOQNKDKELHLLNTMLAKQVDGI
KTLGVLIPRISNMVSSQIMNGIEDAAHKNDHSVIICNTDNDGQKTMVYLDVLREKRVDGI
DTLGLIVPGITDFFFNELYKGIDRASQQYGMKVLLYDSEHSRERAFEGFSILSGYQVEGI
Frkrrok Aoon, HEE : BRI I HIR HE
VFMGGEITNEHAEEFKRAHVPVVLAATLDAEK-EIP-SVNIDYKQAAFDAVTYLIEKGHT
VFMGGEITEEHAEQFKRAPVPIVLAATLDDEKS -FP-SVNIDYTQAAEDAIQFLIEKGHK
LFMGGTITDEHVAEFQKSSVPIVLAATMGPNEIP- - -SVNIDYEQAAFEAVTYLLEKGNR
LEFMGGTITEEHVAEFQKSSVPIVLAATIEPNET-IP-SVNIDYEQAAFEAVTYLLERGNR
IVVSEMLTEEYANKLVELKVPVILISTIDETGQFP- -HIKVNDEQAAYQATEYLISKGHK
IFTSKLVTEDYDPILQRVNIPVVLTLTQSAAKTPLT -AFRIDEVRAMFDVVAYLVSRGHR
. k... . Lk ik Kk .. - Lk k.

SIGMVSGSL-EDPVNGYQKYAGYREALEERGVAFDESMVVIGDYTYDSGIDAM-NVETK-
RIGMLSGSL-EDPINGYQKFAGYRQALQKNNIEFDENLIVIGDYTYDSGMEAM-DAFL - -
RIVYVTGPT-DDPIN-QRKLAGYRRALEEHGAPYEEELVIEGDNSYDSGLEAYEKITE - -
RVAYVTGPT-DDPIN-QRKLAGYRRALEEHGVPYDEELVVEGDNSYDSGLEAYEKIAE - -
NIAMISGTP-EDMVAGKPRLDGYKKALRENGLPVKEENIVEGDFWFDSGKECMERLLNN -
QIAMIAGKLWDDRTG-ELRLEGYREGLRHFGIEYCEARVEFGQYRFDDGYQAMQRLLER -

Hd H : FELLLR L * : o HE

-LEKRP--TAIFVATDEMALGVIHGAQDHGLNIPDDIEVIGFDNTRLATMVRPTLSTVVQ
ALDEKP- - TALFASNDEMALGVIHGIQDRGYDVPGDIEVLGFDNTRLATMVRPTLTTVVQ
-LAERP--TAVFAGTDEMALGIIHSAQDHGGRVPDELEVVGFDNTRLATMVRPRLTTVVQ
-LAERP--TAVFAGTDEMALGITHSAQDQGVRVPDELEVVGFDNTRLATMVRPRLTTVVQ
--NQGI--TAIFVASDEMAAGALSTAYKSGIRVPEDISIIGFDNTQLAEMTIPPLTTVSQ
-IRDVP-FTAVCTASDEMALGAIRCLNDHGYRVPDDISVMGFDDLPIARMVTPRLTTVAQ

* k- U L : . * sk s nakkok . sk ok * k.kk ok
PIYDIGAVSMRLLTKYMNK- - --EEVSEHI - -VELPHRIEFRQSTR- - -
PLYDIGAVSMRLLTKLMNK- - - -EEVDNYT - - VILPHRIESRGSTK- - -
PMYDIGAVAMRLLTKYMNK- - - -EPVDHHI - -VVLPHRLEVRESTK- - -
PMYDIGAVAMRLLTKYMNK- - - -EHVDNHI - - VVLPHRLEVRESTK - - -
PFYOMGYKGLKLLLKAI------ KGKEVNES - - AILPHVIVERETVKKV -
PFHEIGEEAVKWLIRAASQ----PPSPSEIGDYLLPHRLVERESVRSIS
Keas ok I LT T Y .
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FIG. 143

ref YP_001488326.1‘ —————————————— MVEKTVTIQLKTGLQARPAALFVQEANRFGADIFLEKDGKKVNAKS
ref ZP_01860336.1| -----MIEQKVEVKLKTGLOARPAALFVQEANRFSSEVFLERNGKKVNAKS
ref |NP 693386.1| = -------------- MVEKLVTVELDTGLQARPAAQFVQEANRFSSHVFLEKDDKKINAKS
ref |NP_834817.1| = -------------- MVQKRVQVSLKNGLOQARPAALFVQEANRFHADIFIEKDGKTVNAKS
ref ZP_Ol697803.l| -----MIEKQLEVKLKSGLOARPAAQFVQEATRFSSEIFLEKEGRKVNAKS

RAACOOC733 mmmmmmm oo — oo MVEKVLTVNLPQGLAARPAAEFVKRASSFSSQIRIGKNGHFVDAKS

*: DUk kk kk kK Kk k% kAR

ref |YP_001488326.1 | IMGLMSLATISSGVTI TLIADGADEQEATEALTDFVNQE- - -
ref |ZP_01860336.1| IMGLMSLAVSSGTEI TLIADGTDEEQAVKHLTEFVOKES - -
ref |NP_693386.1 IMGLMSLAI TKGEQIKLIAEGPDEDTATEHL -~ ------- -
ref |NP_834817.1 IMGIMSLATGTGSMI TITTEGSDAREALEALA - - - - - - - -
ref |ZP_01697803.1| IMGLMTLAAGHGETVTLSVDGSDEEEAFEHLANYT - - - - - -

RAAC00733 VLGVMSMAIARGESVTLOAEGSDAERAVETLAELLSRDTFE

sak k. k * Lk Uk . k. ok
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- - - -MVEKQVEVKLKTGLQARPAALFVQEANRFTSEIFIEKDGKKVNAKSIMGLMSLAIG
----MVEKTVTIQLKTGLQARPAALFVQEANRFGADIFLEKDGKKVNAKSIMGLMSLAIS
- ---MVEKQVEVKLRTGLQARPAALFVQEANRFSSDIFLEKDGKKVNAKSIMGLMSLAVS
fffffffffffffffffffffffff FVQEANRFSSEVFLERNGKKVNAKS IMGLMSLAVS
————————————————————————— FVQEANKFSSEEIFVEKDEKKVNAKSIMGIMSLAIS

MVMKMFEKETIVRLRGGLFARAAAKFVQEATRFKSEVFVERDGKTVNAKS IMGVMSLATIP
hhkkh ok sickiks: Kk kkkkhkhkk hkhkk,

SGSTITLITEGNDEQEAMEALIAFIEKE----
SGVTITLIADGADEQEATIEALTDEVNQE- - --
TGSVVNLVADGEDEEEALEELSQYIQQE-- - -
SGTEITLIADGTDEEQAVKHLTEFVQKE----
TGTEIYISAEGSDDEQAVNALVSLVSKEEL- -
SGERVIIRASGTDEQAAVHQLTKLIESEELFV
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RARHQRWQWREALDRLLWMSCWSFVLLSASYGVVRLMGRALGWRPVPYGQLMIIGGVGVV

—————————————————————————— AINRIAKGDF- - RVNLQVDWGGR - -HHPFAELVT
- -ATNRTAKGDF- - RUNLOADWGGR - -NHPFAELVT
- -ALESIAKGNF- -NVRLDDKFKK- - - DESFSRLVK
--------------------------- IQKIAKGDFSVKIRNEEKY - - - - -DGEIGVLVK
—————————————————————————— ALRQMAKGDFNIQ- - LDVK-GNK- - EDQFGQOLTH

MLALVALLWNALGFDRDDRLFFRILDSLSEIGRGNFSARAMLEVRRGFP——DHPMNQLVL
. * * . * .

RINDMAANLQAMEDMRQEFISNVSHEIGSPLTSIRGFARALKNENLSQEQRMHYLDIIET
RINDMAANLQAMEEMRQEFISNVSHEIGSPLTSIRGFARALKNEDLSREQRLHYLDIIET
SVNMMASGLDOMEKMRQEFISNVSHEIQSPLASIQGFAQLLONDELSPEERKHYLSIIET
SINDMTDELNTMEKMRQEFVSNVSHEIQSPLTSIKGFARALODDNLSEEKRKHYLTIIET
GINHMAVELGELERMRQEFISNVSHEIQSPLTSINGFAKALKNIHLPEEKRQHYLEIIEL
HVREMAEGLERIEQMRQEFVANVSHEMQTPLTSILGFVKALKSDGLSEGERRHYLDIIEA

* sk Kkkkok . Lckkkkk . chkkokk kk . k. * | sk kkk Kok ok

ECVRLSKLSENLLRLAMLDSERYPLHPTSYRLDTQLOTLILHCEPQWAEKDVDMCAVMEK
ECVRLSKLSENLLRLAMLDSDHYPFHPTSYRLDTOLOTLILHCEPQWAEKELNMCVLEFEK
ESKRLSKLSDSLLKLAILESDSMRFEPKAYRLDKQLRNLILACEPQWREKRINMEAFLDE
ETTRLSKLSQNLLKLTLLESEEYTPERVSYRLDOQLKQIVLNSEPLWAEKEIELDLDLEK
ESNRLSKISDNLLKLTSLESQHHPFETTTYRLDKQLRNVILALEPNWVAKQLDFDLHLDN
EuERLuRLADNLLKLTgLEgGHHPVTLTRFRLDRQLREVAIACEPLWTEKGLFLDMQVEP

* dhkk ... kk.ok . k.k chkh kk . T T L *

VSITADEDLLSQVWLNLIHNAIKFTPKGGTITVQVQRRGEQAIVTISDTGPGIPKHDQPR
VIITADEDLLSQVWLNLIHNAIKFTPKGGTITIQLORRGEQAIVTVSDTGPGINEHDQLR
VTITADEDMMSQVWINLIYNS IKFTPEGGSVRVDLNQHGKTIVCKISDTGIGIPEEDQKH
VHVTADQESMSQVWINLIHNS IKFTPSGGTITIQLKEHETVVEVRICDSGIGISEEQKQH
ITITADEDLLNQVWMNLLTNS IKFTSDRGAITLTMTQHLDTITIIVODTGIGLSEEQQMH
VELEGDEDLLGQVWMNLLSNAIKFTEPGGRIQVRLEKEETGVCVSVADTGIGIRPEDVSR

LR A A I A SR N A * *aek Ky

IFERFYKVDKSRHRAAGGSGLGLATIAKQIVDMHHGTISVQSEPGEGATFTVELP------
IFERFYKADKSRHRAAGGSGLGLSIAKKIVDIHHGIISVQSQPGEGATFTVELP------
IFERFYKADKSRERSKKGGGLGLSITKKIIDMHYGDISVQSKSGTGTTFIVSLP------
IFERFYKADSSRNRASGGSGLGLAIVKKVLDLHOGEIKVESEEGKGTEFIVRIP------
IFERFYKADQSRTAANGGSGLGLAIVKKIIDMHHGTIAVESKLGKFTAFLITLP------
VFTRFFKADRSRGKP——GNGLGLAIAKRIVEMHRGDISVESEPGRGSTFKVHLPYTQGGR

sk kk ok ok kk ko kkkk ok k. ggs * k k k.k. k. ¥
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----EIGTYGDNYLNEEDIAFIND
————————————————————————————————————————— ISYMGPTAYSEHDALFIAD
————————————————————————————————————————— ISYYGPYFLSENDFKFLSA
MSTL.RRKIILAFFLTLE IMLVALAFILQAEVHRHFLSVVCPEINSVS PSLTQQTEVHFEQA

LNR-ILISVGIISLCLALILGVIISGSLSRPILRVIESAEEISKGDYSTRIN-ENSNIIE
LYK-LLWAVGLFSLILSLLFGTVMSKRLVSPIARVINTAKSISKGFYSDRIT-EKSNTRE
MKN-NLIIVAIVALILSIFFAALVAKKISGPIVRVKDEFTREIAKGDY -TSLSPEKTDIKE
LNT-ILVSIGSVSLLFAVYIGWMLARKISGPITKIVKMTTEIAEGNYEIRFS-EHTGTKE
LTQSLLWTV-LIFVVATAGVAVLVSRAITQRIFVMQKOALEIARGKWGTTIP - -VEGHDE
IYQ-SLLFAGALALIIGILLSYWISRRLISPLONLTKAAQRVGEGHLDEHVS - -VMTKDE
. * . . . . . . * *

INNLTSTINNLAETLONQENLRKRLTADVSHELRTPLTTLOSHMEAILDGIWEPTODRIN
INQLTVSINDLAENMEKQETLRRRLTGDVAHELRTPLATLOSHMEAMIDGIWSADSERLK
LDELISSVNALSVQLENQQDIRNQLSSDIAHEIRTPLTTLKGSLEAMIDGIWEITDDRLQ
LDALVSSINNLASSLEKQEGIRKQLTSDVSHELRTPLTTIGTHIEAMIEGVWEPTTERLK
LSSLANTLNSLSKQLHKQEELRRNLIQDLAHELRTPLTTLRSHIQAFYDGLWEPNRERLY
VGQLAIAFNGMADSLKKQEHLRKQFTADIAHELRTPLTSIRSYIEAFQDGVLPADKENLT

* I HINE A S FrokE g kEAAk g HER R
SCHGEIMRINRMVNDLEKLAE - - YEGENLI - - - - LNKSEFNISEVVKNIMLNFENEYVSK
SCHEEIVRISKMVGDLERLAK--YESENIT- - - - LNMDTFDITKLAKRQVONFETEFLCK
SCYDEVNRITRLIGSIDKINE--IESHQDS----LNKTSFDLYALAENISSNFEALEVKK
SCYEEINRITNLVKDLEQL- -AKVENDNLK- - - -LNITSVNILEVIDTIKDNFETEIYNK
SCLEEIQRFEALVTSVERLYEADVAVHAAR- - - -RDLSSADVNQVAQSVIQLFEPRCAEL
IINEEIERLVGLSSDLKDLNVAEMG--ALK- - - -LNFTQVDITELIDKTVNKLIPLIQEK

* . * . . . . . « . . .

----DFIFNSRDI--FICADKDKISQIIINLISNALKYTRQGGKVLIQVDNKNEY
----ELELTGPSCLVY - -ADKDKISQVFVNLLSNALKYTPKGGSVELHIQDNNNFEF
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srrri: KRy KA AL *
LELIVODNGQGIPKEDLPYIFERFYRADKSRNRLTGGAGIGLTITKSLVEAHKGKITVES
IEISVEDNGLGIPEEDLPYIFERFYRADKSRDRLTGGSGIGLTICKSIVLAHGGDIYAQS
ALLTIADTGEGIHPKEINRIFERFYMSDLSRNSFLGGOGIGLSIVKSIIKAHNGTITVKS
LVIQOMKDNGIGIPEEELPFIFERFYRADKSRNRRTGGAGIGLAIVKSVVHSHGGKVEVSS
PFLSVKDSGVGIPAEEIDNIFERFYRVDKSRDRKTGGSGLGLAIVKQLVELSRGEFVQVNS
VRISVCDSGIGIPKEDLPFIFERFYRAEKSRSRETGGTGIGLALVQQITQLHRGTLDVES

LI 2 khkkkkk s Kk kk ko, kk,

ELNKGTTFKVSIP-
NPGKGTKFIFTVPK
DYGKGSTFTVILP-
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LTASEASIVARDGLGARPRGVSVAGVPYLGMKVELP- - -RPVRIGDASANAAVILYNRAQ
———————————————————————————————————————————— GPAALQLGRVINDQEQ

EVALLRNLFMIIVSGLVIGMLIIIMAGYYLARRAMVPIQAAWEKQQQFVADASHELRTPL
————————————————————————————— MSKRALIPIEEAYERQRQFVADASHELRTPL
DVAFLRELLTILSVSAGFFAVASAGVGFALASRALRPIRRSFEEQRRFVAHASHELRTPL
---VLYQLLTGLVGFGIVGAVMIGIASWWLAGRALRPAEEAWTRQLRFISSASHELRAPL
- - --LAGRSLRPAEEAWVRQTRFIASASHELRAPL
————————————————————————————— LAGRALRPAQEAWERQQRFIASASHELRAPL

k. ok sr Lk k. KkAKRK KK

AVIKSNAELMLRHPDHTIEDESIRVIN-IVREVRRMTRLVADLLTLARADANQSELQLG-
SVVFSSVEALALEEDVMKNDFARRLLDRLREELKRI TKLMNDLLTLARADAKNAALELSK
AVMRLQIDRMFRHPGETILDMSEVIAS - LARETSRLORLVNDLLTLAKADEGEAVLRLR -
TLIRASAEVALRNAKDE - -DQRELLTD-VLSESDHMRRLVDDLLTLSRLDSGSLTLORQ -
TLIRASAEVALRHADDP--DQRELLSD-VLSESDHMRRLVDDLLTLSRLDSGALVLORO-

TLIRASAEVALRDTPSDTADQYELLGD ILAESDHMRRLVDDLLTLTRLDSGQLKLVIE—
kL. k. kkkkk ..

-AVSLSELVDAVSEQFKPLAQLEGHTLTVAVYEQLELVGDRERLYQOLLVILLDNAVKYTP
OTFDFRPHAERTFQLVSELAAKKQITMHFHAPEQALVTADPDKLTOLLYILLDNAIKYTP
-PVDLATIAREAALRFAPLAEEKGVQLRVSAAETP- IVADPDRLLELLSILVDNAIAFTP
-PITLNDFLADLHRHVSRLGEERGITITLAQARGT-VIADPDRLRQILLILIDNALRYTP
-PVSLPSFLADLHRQVRRLGEEKGIAIQLAPITGT -VLADPDRLRQVLLILIDNALRYTP
—PVNLADLLSRVHRQVARLGEQRGITIELTTVGGV VQADAERLQQVLLIALDNALRHTP

sk ks kkk . k%

PPGHILITGVRQGSHILLTVEDSGQGI PPEDLPRVFDREFYRGDKARSREK - -GGTGLGLA
EGGEVTLSIRTEPKQFILSVKDTGIGIPPEDIGRIFDREYRVDKTRSRQQ - - GGHGLGLS
AGGWVEIDAHASGSAAVLAVRDTGRGI PPEHLPRVFDREYQADPSRTTR - - - -GAGLGLS
TGGTITLNAELAGKQVRISVRDTGCGITPEHLPHLFERFYRADQARNRSSNTNNAGLGLS
SGGVITIATEPAGKQIRLSVSDNGCGIAPEHLPHLFEREFYRVDVARNRSD- - GHAGLGLA

SGGTITLAAAPTGRMVQITVTDTGSGIAPEHLPHIFERFYRADPARGREN——GNAGLGLS
sok ok k ok kk . sokikkhy K ook Akok ok,
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FIG. 147B

ref ZP_01667455.1| TAKWIVEKHGGKIWVES--KVGVGTKFSVLLP-------------- - - - ——
ref YP_146183.1| TAKWIVEAHGGTIHVQS--QLGOGSEFLVRLP------------------—- - - ——
RAACO00906 TAKWIAEAHGGQIRIFSPGSHGTGTEVEVRLPQSRSAEPGRGRFARLLATICYKKNSS
ref|ZP_01515931.l| TAKGLVEAHGGTIGIES--EVNKGT-------------- - - - o —mm o — —— — — —
ref‘YP_001637lOO.l TAKGLVEAHSGAIGIES--EVNRGT-----------------------—-—-~—-—-—---~—--
ref

YP 001430381.1 IAKGLVEAMHGRITVTS - -ALGAGTTVSVALPQGET---------------------
I T * Kk .k * .
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FIG. 148

ref |YP_005108.1 - -DDGEGIPEEHLPHLFERFYRVDKARDRERGGSGLGLAIVKAILEAHGGEVWVESQVGK
ref |YP 144769.1 - -DDGEGIPEEHLPHLFERFYRVDKARDRERGGSGLGLAIVKAILEAHGGEVWVESQVGK
ref ZP 01773683. 1| --DSGIGIPEKDLPRLFERFYRVDEARSRDNGGTGLGLS IVKHIVQAHGGTLEVKSEQGK
ref YP 001157480. l| VADTGPGIPAQHLPHIFERFYRVDTARDRGNGGSGICLAIVRAVVSAHGGRVRAENVPGG
RAAC02211 MADNGVGIPKVHHPHVFERFYRVDEARSRAKGGAGLGLAICKAIVEAHGGRMEWESEPGE
ref|YP_001124914.l| ISDTGPGIPKHDQPRIFERFYKVDKSRHRAAGGSGLGLAIAKQIVDMHHGTISVQSEPGE

* ok KKK kg ikRRKRK KK ok K Kk Kk kk.k .. :

ref |YP_005108.1 GTAFSFSLPASGP-----

ref |[YP_144769.1 GTAFSFSLPASGP-----
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ref YP7001157480.1| GAMVKVVLPPAG------

RAACO02211 GAVFTVTLPVAGPDGDGA

ref |YP 001124914 .1| GATFTVELPIRGP —————

* Kk
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—————— TWNGKIVKIEGDN--RKFRSIFEENLESFSPEKLEELOD- - ----IEVQGRYFR

IPSFASTGSPEINFVLADN--GVYTSIADPDLASALENRLNRAVDRPTFENFTYQGEHYR
RVRFLF--DPRIIILVRDSQGRVTSSFPSEVAELERLAALASQVDAGKVHISEVDSHAYR

AFPSL----------- QKDGEIVQIVRDI---TAEERMLNTLFLILVIGCSIGSLCAIGIG
AFSIQ----------- KDGEIVQIVRDI---TAEEGMLNTLFLILVIGCSIGSLCAIGIG
——————————————————————————————————————————————————————— AVIAG
ffffffffffffffffffff YIIVFLDY---TVEEKMYKPLIIISIYIVLLSIVLVETVS
VYDLP------ IAAGSGGPAYVATILDD- - -TQTVRAMSDLRSVIVIVGLFGICGATLVG

LISLPYRYEENVLOTERGPIVVKDVIAVSIVDSEVALLRNLFMIIVSGLVIGMLIIIMAG

FFLAGRALVPIONSWEKQQQFVSDASHELRTPLAVIQSKTDVLEFQSPSATIEEKAMDIST
FFLAGRALVPIQSSWEKQQQFVSDASHELRTPLAVIQSKTDVLFQSPSATIEEKAMDIST
LVLAERALKPIKAAWDKQTQFVSDASHEIRTPLAVIQSRVELLLRKPNETVRDVLODI ST
FFLANRSIKPIKTSWEKQTAFIADASHELRTPLAVINSNLEIVMENENETVGSQOMKWLGN
FILSDRMLQPIRRAFQRQLEFVADASHELRTPLAVIQSNLGIVMEHTDQTVEENLEWLNN
YYLARRAMVPIQAAWEKQQQFVADAQHELRTPLAVIKuNAELMLRHPDHTIEDEuIRVTN

* . LEER AR EEEEEEE S IS S

ISKECRRLSKLVSNLLLLARSDSN-QIEMDKKTFELDKLLEEIVAPYKEIASYQEKEMIL
ISKECRRLSKLVSNLLLLARSDSN-QIEMDKKIFELDKLLEEIVAPYKEIASYQEKEMML
VLNECRRLTKLVSNLLTLARSDSD-KIEIERKPFYLDELLREIMDHFSELAATIQGKTLIL
IQSELERMKKLVDDLLFLARADAEDEMPKEY - -FDLSRLVHKIYDEFTPLCQKKSLEFLL
AHGEARRLAKLVQODLLTLARSDSE-RMPVERRPVALNDLLERIHDLYETIAEMRGIELTV
IVREVRRMTRLVADLLTLARADAN- QSELQLGAVSLSELVDAVSEQFKPLAQLEGHTLTV

A ki ckk skk KAk k.

KVERGVSFMGDRERIHOQMMVILLDNAMKYTNEGGHIQIDCTQOMSSSIRIOVKDDGIGVKE
KVERGVSFMGDRERIHQMMVILLDNAMKYTNEGGHIQIDCTQTSSSIRIQVKDDGIGVKE
KSAFPPVTFSGDRDRIHQLIVILLDNAMKYTGDGGKIELACFESKNHVGISVQDNGIGLKE
DAKDNIVEYGNEFRIKQLITILLDNAIKFTGEGGKI ILKLKVHANS IQLSVSDTGEGIAK
RAEEPLVVLGDRDRLHQLLVILIDNAMKFTDAGGKVEIAATRNRNQAILSVRDTGIGIAK
AVYEQLELVGDRERLYQLLVILLDNAVKYTPPPGHILITGVRQGSHILLTVEDSGQGIPP

ko ok koo kkkkk ko k *o s * ok Kk K

EDIPKLFDRFYQGDKARS - - - T-SEGAGLGLSIANWIVEKHYGKISVESRW-GNGTCFEV
EDIPKLFDRFYQGDKARS - - - T-SEGAGLGLS IANWIVEKHYGKISVESKW-GDGTCFEV
EDREKIFDRFFQVSKSRTK- - - -TESLGLGLSIAKWIVEKHSGKIRVDSK-LGEGTTFTI
EHIDKIFDRFYRVDKSRSERNHG- - -GSGLGLAIAKCIVNEHKGTIDVFSE-VSRGTEFTV
EHLERVFDRFYTVDTARS-RHGEAKGTGLGLS IAKWIVEAHGGRISIASEGIGKGTTVRV
EDLPRVFDRFYRGDKARSR———EKGGTGLGLAIAKWIVEKHGGKIWVESK VGVGTKFSV
Skkkk . kkkk o kk. Kk. ok Kk Kk . K Lk
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FIG. 149B

ref |ZP_00739567.1| TFPKNQK- - ----—-----—-—=
ref |[NP_830390.1| TFPKNQK- - - ----—----—-—=
ref |ZP_01696335.1| TEFPKKKRKDA- - - - ——————— =
ref |YP_001037228.1| QI P - mmmmmm e
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MIPFAICLGVGLAIGALFALWQMSWFRSLRRYLLDAMDAIVQGRYDVRMYEYRSRPAEIA
——————————————————— YSSTKRFLRPTAEATEVILHELSHGNYKSRVYELTAPDESRD
———————————————————————————————————— VDRLIEGNYSARFYNGNSP-EMEE

LTKA- INNLAHNLKQQOMNE IDENEQQLTAVLENMDSGVMLIQTSGRIMLVNRAMEEMTGL

--RT-INRMAENLOIQMOHIRENEYRLQGVLENMVSGVMMVDORGT ITLVNRSAEDILGY

--RS-INYLARQLKNNIEDVIAEKNRIKAILSSMSDGVIAMDAWGRMILINPVVEELFRI

IFRH-FNRMAERIQETLADLSQERDILRHILOQNMTTGVIYLRSDGQVOMVNHAAERLERR

LGKS- INLLARNLENASSGEAMORARLESLIEYMGAGLML IDEKGYVLLVNRTYREMEN I

LSVK-VNTLARNMSE IAIQEQMQOSEQLTTIVDNMOSGLVLIDEKGYVHVVNRKFLEMEFGE
* k. . : . * k.. LI .

SSGELIGKRH------ IEAGKSFGLSQLIDRSLKTGERFRDEVHL- - -YYPKERILDAHI
SSHELLNKSY-- -LDAGFQLEFTALLADAIETHTRVREELML- - ~-HFPQEQILEVHV
TMAASRGKNI-- -LRVIRNYDLEKLLNQALETGRCMQKQIQI - - -LAPEPRVFQVHV
PVEQWKDRDH- - -WIVFRNYQLGSAIDHALLFGTPWSGEFQIRDGVTVAVRLVPISA
-YGQSNGQLY - - -YRVLPNEKMSQVIEDVYLTEKPNRKQSSVREFGLNS - -RTFMVSA

EESNYRGHLY------ YDVFENENVHETVOQKTFLYEETVKKSFVHREGLNKIY - -VEVVG

APYVGESGELR-GVVAVLHDVTETRRLEQIRSEFVANVSHELKTPVTSVKGFAETLLDGA
SPIVQGDGQ-RKGVLVVLHDITAVRRLERIRSEFVANVSHELKTPVAAVKGFAETLMAGA
IP- LONSGAERGGVVALLRDITERKILQEMRSEFVANVEHELRTPLTSIRGFAETLLDGA
APRMRNKADGRHDVLMLVNDVSEWRRLERMRSDFVANVSHELKTPIAATRGFAETLLDGD
AP-TFGKNGRVQGTTVVFNDITEIKKLEQMRKDFVANVSHELKTPLTSIKGFAETLLDGA

AP IFNERNMLKGAVLVLYDITELKKLEKMRKDFVANVSHELRTPITSIRGFAETLLDNN
. Dok rk kkkkkhkkkdh o okk oo Kok okok ok

MYDEATLREFLKIIYDESDRLHRLISDILDLSRIEQHRILLKMEQLNVVDVVAETVQTMR
LEDKEMARSFLQIIYDESDRLNRLIGDILELSKIESKRIPLOQFSPVDVESIVENSIQMMK
LEEPDTARRFLEI INSETERLSRLIDELLNLSRLESHKWVPKRQPVNMGELIKRAVAILQ
VDE-EAREKFLRTIYEESLRMGNLVSDLLELSKLEASDSHVDPVAVDLYEVLVRAVDRVR
QDVPEIREQFLNIIHDESERMQTLVEDLLELSRLEQDNYQLETTIVDVTSLLHETATLLO

ITDPAT- KEFMEIIYKESHRLQLLIEDLLALSRLEREDFRLLIDNYDVRQMVEEILPQLH
ke, ok ke k. k. ik kkg ok

KRIEKK--QLELVLPQKRHVMMEADKDRLRQILLNLVTINAIAYTPDKGRIEI------ SL
AEAEKK--HITLESCVENELYIEADEDRLROILINLLSENGISYTPEGGRVSIGVEFVPSL
PRAVEKNLATKINLP-EDLPVVQGDPDMLSQVLLNLIENAVVYTQAGGEVSIS----- - -
PVANEK--EITIELPREQRLHVWAEPDLLLOVFLNLLTNAIHYSPPKSRVCVT - - - -~ - -
RKATEK--QMTIHLETEEEVF IRADLNRLKQVVVNLVANALNYTPNGGNVWIS - -

QKAENK——NLTFDLEVPDQLTMRADKDRMKQVLINLIDNSIHYTPSGGDICLA ———————
kgL akkg k. ok,

IER-ENE-LDLIVSDTGIGISEKDLPRIFERFYRVDKARSRQOSGGTGLGLAIVKHLVESY

DDNFPDNERMRIRISDTGIGIPEKDLPRIFERFYRVDKARSRSSGGTGLGLSIVKHL-- - -

-AAATQDEMKVDVKDNGIGIPPESLSRVFERFYRVDKARSREQGGTGLGLSIVKHIIDA -

-WDVLVDRVKVHVEKDNGIGIPKESLPRVFERFYRVHKDRSRASGGTGLGLAIVKHIVTAL

- LEDGEEAVMLRIKDDGIGIHPKEMQRIFERFYRVDKARSRNSGGTGLGLAIVKHII- -~

- ISEETDVIHFQVKDSGIGMDEKSQTRVFERFYRVDKARSRNTGGTGLGLAIVKHIV- - -
s . Lk kkk L KpkkkRRkh K kkk kAR KKKk R RKk
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---QYLDLFIDESKEHLOAINERLLELEKTPEDMSVVNDI FRSAHTLKGMSATMGFEDLA
---QYLDIFIDESKEHLOTINERLLELEQTPGDMALVNEI FRSAHTLKGMSATMGFEDLA
---QYLEVFIEESREHLOAINEHLLELEKNPADLKIINEIFRSAHTLKGMSATMGYEDLA
--NQYLEVFIEESKEHLOTCNEQLLELEKNPENLAIVNEI FRSAHTLKGMAATMGYEDLA
--NQYLDIFLDESREHLOTCNEKLLDLEKNPTDLQLVNDI FRAAHTLKGMSATMGYADMA
MHDEYLEAFLAESMENVERLEAFCLTLEREGSKPDLLDEMFRAAHTLKGMSATMGFSKLA

ckk gy ko kK kg * kg srriihkokkkkARkK AR A A, oKk
NLTHOMENVLDGIRNRRLSVTPELLDVIFEAVDHLEAMISSIA-AGGDGTRDVRRTVEQL
NLTHQLENVLDGIRNQRLIVTPELLDVVFQAVDHLEAMIISIA-SGGDGKRDVGETVEQL
RLTHOMENVLDATIRNQKIGVTPELLDTVFLAVDDLEAMVLSIS-EGGDGKRDVSTAVKQL
SLTHQMENVLDAIRNSKIQVSSLILDVVEFMAVDDLEAMVMSTIA-EGGDGKRDVTEIVKKL
QLTHHLENMFDAIRNEQMIVTPESMDTMFEALDHLEAMVQSIA-EGGDGKRDVTEISKKL
ALTHRVEDLLGTLRDERVRLEPRHVDALLLAVDRMRARIQAIGVSAKEPDEPDDDAMDAL

FAFrckrro. koo, HE L L A I T T R .o . .F
KRIE--QGEMPNKQAAREEPP----------- LEHAYGEFEYHVLEQAKEQGFSVYEIRV
KRIE--QGEMPNKPTAGEQLP----------- LEHTYGEFEYHVLQQAKDQGFSIYEIRV

ELIE--NGQTPLMESRQEAAAAAAAEAEVPAELRSDYDEFERTVLSQSKEQGFDVEFEISI
ALIE--KGESLDNLQAQSEAAAAVLEAEPSNTHTAQYDQFERTVIEQSKEQGFQCFEISV
DVTGSHAEAAPSVETADVSAAS--------- ANDLDYNEFERTVLDEAREQGFKCYELNV
AGAL--RGGADVGGTREEDSKP----------~- FANLSDWANRAAAEGKE- - - -LYTVHI

RLRDDCLLKAARVYMVEFEQLNEVGEIVKATPPVE- - -MLEEEQFDR - -EFLVTVVSKAPA
RLRKDCMLKAARVYMVEFEQLNEAGEIVKSTPPAD- - -MLEEEKFDQ - -EFLVTVVSKTPA
SLREDCLLKAARVFMVFEVLEKSGEIIKSNPPVD- - -VLEEEQFDS - -AFTVTLVTKEPK
SLREDCLLKAARVFMVFEVLEKCGEVIKSVPAVD- - -VLEEENFDQ- -DFLVSIVSKDSQ
TLSDACLLKAVRVYMIFERLNEAGEVVKTVPNAE- - -LLESEDFES - -EFSISYLSKQPM

RLAPDCVMPGVRLAMAYQALKASAILMAAHPAEEN- - -VMAGQVEATEAFAAVMVAPGEL
* *: L e P T : . * -

DELQKRLMGISEIDDVKVS------------ MLSSNEPSAES--EKAAAP- - -QQPAAME
DELRMRLMSISEIDEVEIA------- - -AVTVDEPSAKSGEQDDLEP- - -PVSTAIG
EEIQAKIMKVSEIEKAEIINIDL------------- MPAS PAEEEPAPAPGI IQPVEEP-
EDIKKKVMKVSEVHKVDVRLVDL-EKGKESDSQITEQPSASTEDATDRVIGKQANVASVP
DEVKKIVMTISEVEQVEIS----------- EVSAFEEASPAEKQEAKPEQEKEEVSVPAA

DRVRQGVLDVTDVSSCEVS----------------~- KVSESHSAPKEDAPRAEQGDAPIE

QAAAVOAEAEAPEKQTAKQATKTIRVNIERLDRLMNLFEELVVDRGRLEQISRELNHAEL
QVAATOTKAEAAEKLAAKQAGKTIRVNIERLDMLMNLEFEELVVDRGRLEQISRDLNHPEL
- - -KEESRNGAPAKQASSK- - -TIRVNIERLDILMNLFEELVIDRGRLEQISKELNNQEL
VVKKEEKKESAPSKQANTG-NKTIRVNIERLDILMNLFEELVIDRGRLEQISKELNHPEL
KAPANDAPKANGNNVAAAGGTKTIRVNIDRLDSLMNLFEELVIDRGRLEQIAKELENNEL
PRVSRHANGSSPAG- ADLRRDATLRVPVRKVDALMNTLSDLVITKTRLATLVSSADDPAL

kokk . .ok kkk . okk, . kK

TETVERMSRISSDLOTIILNMRMVPVETVFNRFPRMVRQLARELGKKVRLDI IGADTELD
TETVERMSRISSDLOTIILNMRMVPVETVFNRFPRMVROQLARELGKKVRLDVIGAETELD
HETVERMSRISGDLONIILNMRMVPVETVENRFPRMVRQLARDLNKKINLEIVGAETELD
NETVERMSRISGDLONIILNMRMVPVETVFNRFPRMIRQLARDLNKKIELEI IGAETELD
TDTVERMTRISGDLRSIILNMRMVPVETVENRFPRMIRQLTKELNKKIELIIEGAETELD
KEAVERLDRLTGDIQDGLMRLRMVPVETIFHRYPRMMRDLEHRLQREFDFVMTGLDTEMD

Skkk . k.. ko k ckkkkkkk ko k o kkko ko k .k .. . . ok L kk .k
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RTVIDEIGDPLVHLIRNALDHGIEAPDVRVARGKPEEGTVQLRAYHSGNHVFIEIEDDGA
RTVIDEIGDPLVHLIRNALDHGIEAPDIRVACGKPEEGTVKLRAYHSGNHVFIEIEDDGA
RTVIDEIGDPLVHLIRNALDHGVETPEVRKANGKNEEGTVVLKAYHSGNHVFIELIDDGA
RTVIDEIGDPLVHLLRNAIDHGIEAPEIRRONGKPEEGTVITLKAYHSGNHVEFIEISDNGG
RTVIDEIGDPLLHLLRNSLDHGIESPEERVKKGKPEKGTVLLKAYHSGNHVFIEVEDDGG

RVVLEEMGEVIVHLLRNAVDHGLEPPEARESQGKPRRGIVRLAAYTASGHVYLEVSDDGR
Ao kg okak, g okkhk gy hkkk ok kg K Ak ok K Kk Kk g kkgak, Kok

GISREKVLQKAKSRGIVSPQAAEHLNDQQIYELIFAPGFSTAEQVSDISGRGVGLDVVKS
GISREKVLQKAIDRGIVSAEEAAHLTDOOVYGLIFSPGFSTADRISDISGRGVGLDVVKS
GINRDKVLQKAVENGIITEQAGASLTDKQVYELIFASGFSTADKISDVSGRGVGLDVVKS
GISREKVLKKAISQGIVTEESAAALTDROVYELILASGFSTAETISDISGRGVGLDVVKA
GINRKKVLEKALERGVITDREAETLEDHQIDSLIFAAGFSTADTISDISGRGVGLDVVEKN
GIDRGRVLETAVAKGWITPEEGAAMSDESVYALLFRPGFSTAERVSDISGRGVGLDAVRE

Kk L kk K R L P T L 22 T N L T T

TIESLGGTVSVDSQPGKGSLFSIQLPLTLSIISVLLVOIAEETYAIPLSSIIETALVKKE
TIQSLGGTVIVDSQPGKGSLFSIQLPLTLSIISVLLVQIAAETYAIPLSSIMETALVKKE
TIESLGGTVTIDSQEGKGSTFSIQLPLTLSIISVMLIEVQKEKYAIPLSSIIETAIIKKE
TIESLGGSITIDSVLGEGSTFSIQLPLTLSIISVMLVEVEKEKYAIPLSSIIETAIIKKE
KLESLGGSVSINSTEGQGSLFSIQLPLTLSIISVLLVKLEEETFAIPISSIIETAVIKKS
KVEALGGQIRLNSVLGAGTTFTIELPLTLAILSALLVSVRGQVFAIPTANVDEVRRVTRD

shEK . Lk * ok, ko kakkkkkok. ok k. IS 2 2 TR

EIFSAHNQPVIDFRGKIVPLVRLKDVFAVP-GVADDGDAVAVVIVRKGEKLAALAVDSFI
DIFSAHNQPVIDFRGKVVPLVRLKDVFSVP-NASDEGDAVAAVIVRKGEKLAALAVDSFI
DIMNAHNQKVTDFRGKVVPLLFLKDVFAVPVHLEEDGY - Y SVVTVRKGDKMAGLVVDSF T
DILNAHNQKVTDFRGKVVPLLFLEDVFET PKQEGDDFY - - SVVIVRKGDRMAGLVVDSF T
DILOTHDREVIDFRGFIVPVVYLKKQFHVP-NANELEEELHI IVVRKGDKLTAFVVDSFI
DVRHVQERPVFQDSAGIVPIVDLAERLGLG- - SRRDAYPQTAVVCRDGKRRLALVVDHVL

sk K .. . s kK .
GQQEVVLKSLGNYLSSVFATSGATTLGDGRVALT IDCNAL- - - -
GQQEVVLKSLGNYLSSVFATSGATTLGDGRVALT IDCNAL - - - -
GOQEIVLKSLGGYLNDIFAISGATILGDCQVALIVDCNALIN- -
GOQEVVLKSLGNYLTDVFAISGATILGDGQVALIVDCNAL- - - -
GOQEVVLKSLGDYLPNVFAISGATILGDGQOVALIVDCNAL- - - -

DELEIVNKPLGRYLQGVREFAGATILGDGRVSLILDVRSIANPA
Lok ak ok kk k% . sakkkkkkkk k. k. k.
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FIG. 152

ref YP_001125206.1| -MARILVVDDAAFMRMMIKDILTKNGHEVVAEAADGRQATEKYKETRPDIVTMDITMPEM
ref|ZP_01696550.1 ----ILIVDDAAFMRMMIKDILTKNGYDVVAEAGDGAQAIEKYKEHRPDLVTMDITMPEV
ref|ZP_01860990.1 MANKILIVDDAAFMRMMIKDILTKNGEFEVVGEAADGNQAVEKYKELSPDLVTMDITMPEK
ref NP_243310.1| --ARILIVDDASFMRMMIKDILTKNGYDVVGEAHDGEQAVEKYKELSPDLVTMDITMPEK
RAACO2876 -MANILVVDDAAFMRMMIKDILTKNGHVVVGEAADGAQAVERYQELRPDLVTMDITMPEV
ref|YP_OOl4lO204.l| -MAKVLVVDDAAFMRMMLKDI LTKAGHEVVGEAANGVEAVEKYKELKPDVVTMDITMPEM

ER LR L EE SR E RS S L I SN *k kk sk sk ok kK Kk o kkkkkdh ok ok k

ref YP_001125206.1| DGITALKEIKKIDSNAKVIMCSAMGOOAMVIDAIQAGAKDFVVKPFOADRVIEAINKTL -
ref |ZP 01696550.1 DGISALKEIKKIDPDAKVIMCSAMGQOAMVIDAIQAGAKDFIVKPFQADRVIEAIQKTL -
ref|ZP_01860990.1 DGIAALKEIKSLDANAKIIMCSAMGOOAMVIDAIQAGAKDFIVKPFQADRVIEAIQKAL-
ref NP_243310.1| DGIAALKDIRAIDPNAKVIMCSAMGQOAMVIDATIQAGAKDFIVKPFQADRVIDAIQKTL -
RAAC02876 DGIEAIKRIRQIDPNARIIVCSAMGQQAMVIEAIQAGAKDFIVKPFQADRVVEAVQKALR
ref|YP_OOl4lO204.l| NGIDAIKEIKKFDPNATVIVCSAMGQOAMVIEAIQAGAKDEFIVKPFQAARVIEAIQKVLK

sEE Kok k. IR AR A SR SR E RS S SRR EEEEE LRI EEEE S L EIE I S 1
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IEKYKEHRPDLVTMDITMPEVDGISALKEIKKIDPDAKVIMCSA
VEKYKELSPDLVTMDITMPEKDGIAALKDIRAIDPNAKVIMCSA
VEKYNELKPDLVTMDITMPEMDGIAALKAIKGSDPSATVIMCSA
IEKYKELKPDLVTMDITMPEMDGIAAVKEIKAVDPAARTIIMCSA
VERYNETKPDLVMMDITMPEMDGIQALKKIKSVDPNATVIMCSA

MKLSMKLPTVTKOQWSVIRRYQECKPDLVTMDLTMPNVDGIQAIKKIRAIDPDA-------

MGQQAMVIDAIQAGAKDFIVKPFQADRVIEAIQKTL-
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____________ GPNWFAAVMGTGIVANAVATLPVQVPGLLAFARVVWALDVLLLALILA
______________ NWFASIMGTGIVATAAATLPLQFPCLRTGATVVWALASMLLILLTT

MGGDGMHIIRQFGVNWFTTVMGIGIVRALTYTSPIHLPFQHAVGEILFIGVNVVFVFAFA
hhkko o kk KkAK

ATFAHWLRNPVVARSHVRNPOMAHFYGAAPMALLTVGSGALLVGRDLIGERAAVDLAWVL
AMLAHWLRNPTVARGHVRNPTMAHFYGAAPMALLTVGSGALLVGEDLIGARLAVDLAWAL
LVGGHWLRHPTVARSHARNPOMAHFYGAAPMALMTVGADAVLAGGPLIGERLAVDLDWVL
ATAVHWVQHHDTARSHLDHPVMSHFYGAPAMALMTVGAGALLVGQPVVGRSVAIDMAS AL
ATVVHWIRHRETAQSHHSHPVMAHFYGAPPMALLTVGAGTLLLGKDVLGEQLALGIDTVL

MWILRWLLTPDAAIDDFRHPGRALFYGAFAMGINVVGNDYFLIGTHMMPKHTAIAISFAI
k. kkkk k. k% R .

WITGTLGALFTAMTIPYLMFTQYRVEPDAAFGGWLMPVVPPMVAAATGSLLI PHMAEGPG
WVAGTLGGLFTAMTIPYLMFTQYRVEPDAAFGGWLMPVVPPMVAAATGSLLI PHMAEGVG
WTAGTIGGLFTAVSIPFLMFTQHRVEPDAAFGGWLMPVVPPMVEAATGALLLPHMPAGSG
WVSGTLLGLWTAVAVPVKAFTTHEVAPDAAFGGWLMPVVPPMVEAATGPLLLPHLPAGOW
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AQFSMTAGIVALFGMTFFLFIMTSALVYSRLVFHRRLSGQEAPTLWIEIGPIGMAMGTFC
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NL-LGGNAHLAVSGT------ LAQAMEALGVLYGVPVLGFALMW- - -AALATAIT---1IR
GIPLNAPHVFGPYFG--------- GLRDLGAVFSIAMWGVGVWWILLSALYTFLH---LT
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TLR---RGMPFALTWWSLTFPVGTFVTGTAQLALHTGL - - PAFRYAAAVAYIGLLCTWL-
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TLR---RGMPFALTWWSLTFPVGTFVITGTSQLALHTHL - - PAFRVAAAAAYAGLLATWV -
TAR---SGLPFTLGWWSFTFPAGTVVTGTSGLAAATGA- - TFLQFTALALYAGLVLAWA -
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PKG---DGLPFHLGWWSYVFPIGSFTNGTYALHRLLGH- - - - - PFFAVAGLVQLGILWLC
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FIG. 156A
emb}CAG29823‘l| MTGCEVIRPT GGSGRRGRLR VFIGAAFPGVG KTYTMLREAR RLREEGTDVV IGWVETHGRP
ref\NP~923516.lf ——————————————— RGRLK LYLCGYTFGVG KTVRMLQEAR RLRRRGVDLV VGWVETHGRP
ref\ZP_02329377.1| ——————————————— RGRLK IYLGAVSGSG KTYHMLREAQ SLKENGIDVV LCAVSTLNRP
refIZP_02329377.1| —————————— - ---RRGVFK VYIGAAPGVG KTYTMILREGN DLARMGIDVI VGLLETHGRR
ref|ZP702329377.1| ———————————————— GRLK IYLGAVSCSG KTYHMLREAQ SLKENGIDVV LCAVSTLNRP
RARACO2761 MTCGGEVIRPT GGSGRRGRLR VFIGAAPGVG KTYTMLREAR RLREEGTDVV IGWVETHGRP
Clustal Consensus *oopp o opapk Lk ok KR ke %k kg g LELK
emblCAG29823.l\ ATEKLLEGLE VIPPRVLKVG QATFEEPDLD AIVARRPEVC VIDELAHINP PGAMHEKRYE
ref]NP4923516.l| DTEALLADLE VMAPRQVAY(Q GVIIPELDLE AILQRRPATV LIDELAHTNA PGSRHRKRYE
ref|ZPWO2329377.1\ ETARQASGLE TIPSIDWTKD GVIQQDLNLV ALVERNPEVV LVDGLAHRNR QGALFPTRLG
releP_O2329377.1\ ETAEQLGNLG MIPRRKIDYR GTTLEEMDTD AIIERAPDVV LVDELAHTNV PGSRHNKRFE
ref]ZP_02329377.1\ ETARQASGLE TIPSIDWTKD GVIQQEDLNLV ALVERNPEVV LVDGLAHRNR QGALFPTRLG
RAAC02761 ATEKLLEGLE VIPPRVLKVG QATFEEPDLD AIVARRPEVC VIDELAHTNP PGAMHEKRYE
Clustal Consensus * o i . ro L ek XEE X ko, ¥
emb\CAG29823.lk DVMYLLDRGI SVMTAFNIQH LESVRDEVQQ QLGIRVREVV PEWFLREADE VTVIDVTPET
ref{NPW923516.1| DVEVLLDAGV SVMSAMNIQH LESVAERAGR LIGAVVHETV PDRLLRSAFE VQLVDASPEA
ref\ZP 02329377.1] DISFLLEKGI SVITTVNVYE LEGVRELARK LAGVEVKITV PSGTLEMADE VRLIDVTPET
releP_O2329377.1| DVILDILNAGI SVITTVNVQH LESLNDAVEQ ITGVRVRETV PDSILWMADE VELIDVPPQT
ref]ZP_02329377.1‘ DISFLLEKGI SVITTVNVYE LEGVRELARK LAGVEVKTTV PSGTLEMADE VRLIDVTPET
RAAC02761 DVMYLLDRGI SVMTAFNIQH LESVRDEVQQ QLGIRVREVV PEWFLREADE VTVIDVTPET
Clustal Consensus * L T I IR T I * ¥ w® x, * LR AL I A N
emb]CAGZBSZ}.l\ LRQRLRDGQEI YPPEKVDAAL QNFFRVDRLA WLRQMSLRAV ADDVDERLEH SYERRAIPGP
ref|NP_923516.1] VLERLORG-- -DAARYIPPG SPFLRRSTLV YLRELALRAV AEVVDADILS --GKNGVAGP
ref]ZP_02329377.l: ILKRLEEGNL P----- GQKE HHLFLKGNIG VLRELALRLV AEDVNGSLEK YRKSKGLSGP
ref|ZP_02329377.1\ LRQRMKEGRT YSMEKVEQAL GHFFKIGNLI ALRELALREI ADDVDERLES WERKESLRGP
ref]ZP_0232937741[ ILKRLEEGNL P----- GQKE HHLFLKGNIG VLRELALRLV AEDVNGSLEK YRKSKGLSGP
RAACO02761 LRORLRDGET YPPEKVDAAL QNFFRVDRLA WLROMSLRAV ADDVDERLEH SYERRAIPGP
Clustal Consensus LosRL ¥ E] .o kkppakk o oWy R : B
emb\CAG29823.1| VGAKEVVLVC VSHPDRAATL LERGRRMAMR MKCDLHVVYA AETDEDRMTE RARAEVDELR
:efINP_923516.1\ AGVRERVLAA VSTNPASARL IRRGARIAFER IDAELFVAYV ETG--RPLAP PEAQTLQEHR
ret|ZP702329377.1] SGAGERILVS TQYHWNGSIY VRRGOQIANR TNGDLYVICF OHTG-KPLSK EQAAFKRSLK
releP402329377.1| WRREETIFVC VKLNDHAERI IRRGIRIAFR LEKARWHVAYL HHG----SGM EDEARLKELK
ref]ZP_02329377.1\ SGAGERILVS TQYHWNGSIY VRRGQQIANR INGDLYVICF QHTG-KPLSK EQAAFKRSLK
RAACOZ/61 VQAKEVVLVC VEHPDRAATL IERGRRMAMR MKGDLHVVYA AETDEDRMTE RARAEVDELR
Clustal Consensus oL, .. . P A S P L F .o
emb]CAG29823‘1| RLAEFHGAEW VLEP-KRDRP VCEVILRVAR RVNATQVVLG QPRKGASPRR LMAWHHPVQY
ref|NP_923516,1‘ AATEAAAGEF VQLQ-NRD-- VAGALIDFAL QENITQVIVGE ESLR--SPAE ELVRGSVINT
ref‘ZP_02329377A1! KLVDKIGAVF VELPFPGRRK LADSLLDYAM KNSVTRIVLG HSKH--TRIQ ELWQGSIIND
ref|ZP702329377.1] GLTERTGGSF EVITGOGKKD PADLLLAKAN EYNSTQMILG KSCS--PSWR DRWOGSLVKR
ref[ZP_02329377.1| KLVDKIGAVF VELPFPGRRK LADSLINYAM KNSVTRIVLG HSKH--TRIQ ELWQGSIIND
RAACO2761 RLAEFHGAEW VLEP-KRDRP VCEVILRVAR RVNATQVVLG QPRKGASPRR LMAWHHPVQY
Clustal Consensus st e . P O I . . i
emb | CAG29823 .1} LLKHLQYVDL —-. . . -WRPL SPAAREQRNW ASERVVRE-- RKLP--GKLT
ref‘NP_923516.1| LLRTTSENIDV -AESSMVGPL TPVAAQPPIA VGCLLVGADS RRAHGCGRHK
ref|ZP_02329377.ll ILRKMTRTDL QGERILPAKRK VGIKKAELYR RHSKQEMQKE IEKIRRGVIFK
ref |ZP_02329377.1| LLRGARHMDV
ref|2P_02329377.1] ILRKMTRTDL

—————— WRPL SPAAREQRNW ASERVVRE-- RKLP--GKLT

RAARC02761 LLKHLQYVDL
Clustal Consensus rh 3
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FIG. 156B
emb | CAGZ29823.1] LYIGAAPGVG KTYRMLODAH DWKVRGIDVV ICLIETHGRP ETEAQIGDLE RIPKRRIEYG
ref]NP7923516.1| IYLGAAPGVG KTFAMLQEAH HLHASGIDVV CGVIETHGRA ETAALIENLE VVPKRAIGYQ

rel|2P_02329377.1] VYIGAAPGVG KTYTMLREGN DLARMGIDVI VGLLETHGRR ETAEQLGNLG MIPRRKIDYR
ref|ZP_02329377.1]| - -
ref|ZP_02329377.1}

RANC02761 LYIGAAPGVG KTYRMLODAH DWRKVRGIDVV IGLIETHGRP ETEAQIGDLE RIPRRRIEYG
Clustal Consensus

emb|{CAG29823 .1 | GKVYEEPDLA AILARRPQVV LMDELAHTNA PGSMFEKKRYQ DILYLLEHGV DVVSAVNVQH
relePﬁSZBSlG.ll GRTFLELDVE AVLRRRPAVV LVDELAHTNI AGAGNTKRFQ DVEVLLGAGI DVVSTLNIQH
ref,ZPi02329377‘1] GTTLERMDTD AITERAPDVYV LVDELAHTNV PGSRHNKRFE DVLDILNAGT SVITTVNVQH

ref|ZP_02329377.1|  cm e e e e e e
ref|ZP_02329377.1] = —e-eo—-eoe meeaeo -- e el e oo
RAACO2761 GKVYEEPDLA AILARRPQVV LMDELAHTNA PGSMFKKRYQ DILYLLEHGV DVVSAVNVQH
Clustal Consensus

emb | CAG29823 . 1| LESLKDRVEH ITGATIRERV PDWFVKLASFE VKILIDVSPET LVERLLEGKI YPPEKVEQAL
ref[NP_923516.1| LESLNTLVER TTGVKVRETL PDLVVEAADE VVLVDLPTGE LTQRLREGKI YAQAKVEQAL
releP_02329377.l[ LESLNDAVEQ ITGVRVRETV PDSILWMADE VELIDVPPQT LRQRMKEGRI YSMEKVEQAL

ref|ZP 02329377.1] = mmmemmem e e oo oo oo s
ref|ZP_02329377.1] = mmmesmemee mmemmmon e mo oo oo oo oo
RAAC02761 LESLKDRVEH ITGATIRERV PDWFVKLASE VKLIDVSPET LVERLLEGKI YPPEKVEQAL
Clustal Conseansus

emb |CAG29823 .1 SNFFQLAHLA ALREIALREV ADVVDGRLAP PPPADPR--- ~--—=~- RILVC VNYRPHSEAL
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TRANSCRIPTIONAL CONTROL IN
ALICYCLOBACILLUS ACIDOCALDARIUS AND
ASSOCIATED GENES, PROTEINS, AND
METHODS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of U.S. patent application
Ser. No. 12/380,008, filed Feb. 20, 2009, which issued on
May 16, 2014 as U.S. Pat. No. 8,716,011, which claims the
benefit of the filing date of U.S. Provisional Patent Applica-
tion Ser. No. 61/030,820, filed Feb. 22, 2008, for “TRAN-
SCRIPTIONAL CONTROL IN ALICYCLOBACILLUS
ACIDOCALDARIUS AND ASSOCIATED GENES, PRO-
TEINS, AND METHODS,” the disclosure of each of which is
hereby incorporated herein in its entirety by this reference.

GOVERNMENT RIGHTS

This invention was made with government support under
Contract Number DE-AC07-991D13727 and Contract Num-
ber DE-AC07-051D14517 awarded by the United States
Department of Energy. The government has certain rights in
the invention.

(long sequence listing—with parent (Filed with Request to
Transfer CRF))

STATEMENT ACCORDING TO 37 C.FR.
§1.821(c) OR (e)

Sequence Listing Submitted as PDF File with a
Request to Transfer CRF from Parent Application

Pursuant to 37 C.F.R. §1.821(c) or (e), a file containing a
PDF version of the Sequence Listing has been submitted
concomitant with this application, the contents of which are
hereby incorporated by reference. The transmittal documents
of'this application include a Request to Transfer CRF from the
parent application.

TECHNICAL FIELD

The present invention relates generally to biotechnology.
More specifically, the present invention relates to isolated
and/or purified polypeptides and nucleic acid sequences
encoding polypeptides from Alicyclobacillus acidocaldarius
and methods for their use.

BACKGROUND

Bacterial DNA codes for information that regulates tran-
scription of genes into mRNA which codes for proteins or
enzymes used for control of growth and processing of energy,
carbon and other compounds by the cell. Most of these tran-
scriptional regulators/repressors function to turn on and off
genes to minimize expenditure of cellular energy in response
to their growth environment (i.e., presence of growth sub-
strate, metals, temperature, etc.).

BRIEF SUMMARY OF THE INVENTION

Embodiments of the invention relate to purified and/or
isolated nucleotide sequences of the genome of Alicycloba-
cillus acidocaldarius, or ahomologue or fragment thereof. In
one embodiment of the invention, the nucleotide sequence is
selected from at least one of SEQ ID NOS: 2, 19, 36, 53, 70,
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2

87, 104, 121, 138, 155, 172, 189, 206, 223, 240, 257, 274,
291, 308, 325, 342, 359, 376, 393, 410, 427, 444, 461, 478,
495, 512, 529, 546, 563, 580, 597, 614, 631, 648, 665, 682,
699, 716, 733, 750, 767, 784, 801, 818, 835, 852, 869, 886,
903, 920, 937, 954, 971, 988, 1005, 1022, 1039, 1056, 1073,
1090,1107,1124,1141,1158,1175,1192,1294,1311, 1328,
1345,1362, 1379, 1396, 1413, 1430, 1447, 1464, 1481, 1498,
1515,1532,1549, 1566, 1583,1600, 1617, 1634,1651, 1668,
1685,1702,1719,1736,1753,1770, 1787, 1804, 1821, 1838,
1855,1872, 1889, 1906, 1923, 1940, 1957, 1974, 1991, 2008,
2025,2042,2059,2076,2093,2110,2127,2144,2161,2178,
2195,2212,2229,2246,2263,2280,2297,2314,2331, 2348,
2365,2382,2399,2416,2518,2535,2552,2569, 2603, 2620,
2637,2654,2671,2688,2705,2722,2739, 2756,2773, 2790,
2807, 2824, 2841, 2857, 2858, 2860, 2877, 2894, 2911, and
2928 or ahomologue or fragment thereof. In another embodi-
ment of the invention, the homologue is selected from the
group consisting of anucleotide sequence having at least 80%
sequence identity to at least one of SEQ ID NOS: 2, 19,36, 53,
70,87,104,121, 138,155,172, 189, 206, 223, 240, 257, 274,
291, 308, 325, 342, 359, 376, 393, 410, 427, 444, 461, 478,
495, 512, 529, 546, 563, 580, 597, 614, 631, 648, 665, 682,
699, 716, 733, 750, 767, 784, 801, 818, 835, 852, 869, 886,
903, 920, 937, 954, 971, 988, 1005, 1022, 1039, 1056, 1073,
1090,1107,1124,1141,1158,1175,1192,1294,1311, 1328,
1345,1362, 1379, 1396, 1413, 1430, 1447, 1464, 1481, 1498,
1515,1532,1549, 1566, 1583,1600, 1617, 1634,1651, 1668,
1685,1702,1719,1736,1753,1770, 1787, 1804, 1821, 1838,
1855,1872, 1889, 1906, 1923, 1940, 1957, 1974, 1991, 2008,
2025,2042,2059,2076,2093,2110,2127,2144,2161,2178,
2195,2212,2229,2246,2263,2280,2297,2314,2331, 2348,
2365,2382,2399,2416,2518,2535,2552,2569, 2603, 2620,
2637,2654,2671,2688,2705,2722,2739, 2756,2773, 2790,
2807, 2824, 2841, 2857, 2858, 2860, 2877, 2894, 2911, and
2928.

Embodiments of the invention may further relate to an
isolated and/or purified nucleic acid sequence comprising a
nucleic acid sequence encoding a polypeptide selected from
the group consisting of a polypeptide having at least 90%
sequence identity to at least one of SEQ ID NOS: 1, 18,35, 52,
69, 86, 103,120, 137,154, 171, 188, 205, 222,239, 256, 273,
290, 307, 324, 341, 358, 375, 392, 409, 426, 443, 460, 477,
494, 511, 528, 545, 562, 579, 596, 613, 630, 647, 664, 681,
698, 715, 732, 749, 766, 783, 800, 817, 834, 851, 868, 885,
902, 819, 936, 953, 970, 987, 1004, 1021, 1038, 1055, 1072,
1089,1106,1123,1140,1157,1174,1191,1293,1310, 1327,
1344,1361, 1378, 1395, 1412, 1429, 1446, 1463, 1480, 1497,
1514,1531,1548,1565,1582,1599,1616, 1633, 1650, 1667,
1684,1701,1718,1735,1752,1769, 1786, 1803, 1820, 1837,
1854,1871, 1888, 1905, 1922, 1939, 1956, 1973, 1990, 2007,
2024,2041,2058,2075,2092,2109,2126,2143,2160,2177,
2194,2211,2228,2245,2262,2279,2296, 2313, 2330, 2347,
2364,2381,2398,2415,2517,2534,2551,2568,2602, 2619,
2636,2653,2670,2687,2704,2721,2738,2755,2772, 2789,
2806, 2823, 2840, 2859, 2876, 2893, 2910, and 2927.

Embodiments of the invention also relate to isolated and/or
purified polypeptides coded for by a nucleotide sequence
comprising a nucleotide sequence of the genome of A/icyclo-
bacillus acidocaldarius, or ahomologue or fragment thereof.
In one embodiment, the nucleotide sequence comprises a
nucleotide sequence selected from the group consisting of a
nucleotide sequence having at least 80% sequence identity to
at least one of SEQ ID NOS: 2, 19, 36, 53, 70, 87, 104, 121,
138, 155, 172, 189, 206, 223, 240, 257, 274, 291, 308, 325,
342,359, 376,393, 410, 427, 444, 461, 478, 495, 512, 529,
546, 563, 580, 597, 614, 631, 648, 665, 682, 699, 716, 733,
750, 767, 784, 801, 818, 835, 852, 869, 886, 903, 920, 937,
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954, 971, 988, 1005, 1022, 1039, 1056, 1073, 1090, 1107,
1124,1141,1158,1175,1192,1294, 1311, 1328, 1345, 1362,
1379, 1396, 1413, 1430, 1447, 1464, 1481, 1498, 1515, 1532,
1549, 1566, 1583, 1600, 1617, 1634, 1651, 1668, 1685, 1702,
1719, 1736, 1753,1770,1787,1804, 1821, 1838, 1855, 1872,
1889, 1906, 1923, 1940, 1957, 1974, 1991, 2008, 2025, 2042,
2059,2076,2093,2110,2127,2144,2161,2178,2195,2212,
2229,2246,2263,2280,2297,2314,2331, 2348,2365, 2382,
2399,2416,2518,2535,2552,2569, 2603, 2620, 2637, 2654,
2671,2688,2705,2722,2739,2756,2773,2790,2807, 2824,
2841, 2860, 2877, 2894, 2911, and 2928.

In another embodiment of the invention, the nucleotide
sequence comprises a nucleotide sequence selected from at
least one of SEQIDNOS: 2, 19, 36, 53, 70,87, 104, 121, 138,
155, 172, 189, 206, 223, 240, 257, 274, 291, 308, 325, 342,
359, 376, 393, 410, 427, 444, 461, 478, 495, 512, 529, 546,
563, 580, 597, 614, 631, 648, 665, 682, 699, 716, 733, 750,
767, 784, 801, 818, 835, 852, 869, 886, 903, 920, 937, 954,
971, 988, 1005, 1022, 1039, 1056, 1073, 1090, 1107, 1124,
1141,1158,1175,1192,1294,1311, 1328, 1345, 1362, 1379,
1396, 1413, 1430, 1447, 1464, 1481, 1498, 1515, 1532, 1549,
1566, 1583,1600,1617,1634,1651, 1668, 1685,1702, 1719,
1736,1753,1770, 1787, 1804, 1821, 1838, 1855, 1872, 1889,
1906, 1923, 1940, 1957, 1974, 1991, 2008, 2025, 2042, 2059,
2076,2093,2110,2127,2144,2161,2178,2195,2212, 2229,
2246,2263,2280,2297,2314,2331, 2348, 2365, 2382, 2399,
2416,2518,2535,2552,2569,2603, 2620, 2637,2654,2671,
2688, 2705,2722,2739,2756,2773, 2790, 2807, 2824, 2841,
2860, 2877, 2894, 2911, and 2928 or a homologue or frag-
ment thereof. In still another embodiment, the polypeptide
comprises an amino acid sequence of SEQ IDNOS: 1, 18,35,
52,69, 86, 103, 120, 137, 154, 171, 188, 205, 222, 239, 256,
273, 290, 307, 324, 341, 358, 375, 392, 409, 426, 443, 460,
477, 494, 511, 528, 545, 562, 579, 596, 613, 630, 647, 664,
681, 698, 715, 732, 749, 766, 783, 800, 817, 834, 851, 868,
885, 902, 819, 936, 953, 970, 987, 1004, 1021, 1038, 1055,
1072,1089,1106,1123,1140,1157,1174,1191, 1293, 1310,
1327,1344,1361,1378,1395,1412, 1429, 1446, 1463, 1480,
1497,1514, 1531, 1548, 1565, 1582, 1599, 1616, 1633, 1650,
1667,1684,1701,1718,1735,1752, 1769, 1786, 1803, 1820,
1837, 1854, 1871, 1888, 1905, 1922, 1939, 1956, 1973, 1990,
2007,2024,2041,2058, 2075,2092, 2109, 2126,2143, 2160,
2177,2194,2211,2228,2245,2262,2279,2296,2313, 2330,
2347,2364,2381,2398,2415,2517,2534,2551,2568, 2602,
2619,2636,2653,2670,2687,2704,2721,2738,2755,2772,
2789, 2806, 2823, 2840, 2859, 2876, 2893, 2910, and 2927.
In yet another embodiment, the polypeptide comprises an
amino acid sequence selected from the group consisting of a
polypeptide having at least 90% sequence identity to at least
one of SEQ IDNOS: 1, 18,35, 52, 69, 86, 103, 120, 137, 154,
171, 188, 205, 222, 239, 256, 273, 290, 307, 324, 341, 358,
375,392, 409, 426, 443, 460, 477, 494, 511, 528, 545, 562,
579, 596, 613, 630, 647, 664, 681, 698, 715, 732, 749, 766,
783, 800, 817, 834, 851, 868, 885, 902, 819, 936, 953, 970,
987, 1004, 1021, 1038, 1055, 1072, 1089, 1106, 1123, 1140,
1157,1174,1191,1293,1310, 1327, 1344, 1361, 1378, 1395,
1412, 1429, 1446, 1463, 1480, 1497, 1514, 1531, 1548, 1565,
1582,1599, 1616, 1633,1650, 1667, 1684, 1701, 1718, 1735,
1752,1769, 1786, 1803, 1820, 1837, 1854, 1871, 1888, 1905,
1922,1939, 1956, 1973, 1990, 2007, 2024, 2041, 2058, 2075,
2092,2109,2126,2143,2160,2177,2194,2211,2228, 2245,
2262,2279,2296,2313,2330,2347,2364,2381,2398, 2415,
2517,2534,2551,2568,2602,2619, 2636, 2653,2670, 2687,
2704,2721,2738,2755,2772,2789, 2806, 2823, 2840, 2859,
2876, 2893, 2910, and 2927.

In embodiments of the invention, the polypeptides may be
acidophilic and/or thermophilic. In further embodiments, the
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polypeptides may be glycosylated, pegylated, and/or other-
wise post-translationally modified.

Embodiments of methods include placing a recombinant,
purified, and/or isolated polypeptide selected from the group
consisting of a polypeptide having at least 90% sequence
identity to SEQ ID NOS: 1, 18, 35, 52, 69, 86, 103, 120, 137,
154, 171, 188, 205, 222, 239, 256, 273, 290, 307, 324, 341,
358, 375, 392, 409, 426, 443, 460, 477, 494, 511, 528, 545,
562, 579, 596, 613, 630, 647, 664, 681, 698, 715, 732, 749,
766, 783, 800, 817, 834, 851, 868, 885, 902, 819, 936, 953,
970, 987, 1004, 1021, 1038, 1055, 1072, 1089, 1106, 1123,
1140,1157,1174,1191, 1293, 1310, 1327, 1344,1361, 1378,
1395,1412,1429, 1446, 1463, 1480, 1497, 1514,1531, 1548,
1565,1582,1599,1616, 1633, 1650,1667,1684,1701, 1718,
1735,1752,1769,1786, 1803, 1820, 1837, 1854, 1871, 1888,
1905,1922,1939,1956, 1973, 1990,2007,2024,2041, 2058,
2075,2092,2109,2126,2143,2160,2177,2194,2211, 2228,
2245,2262,2279,2296,2313,2330,2347,2364,2381, 2398,
2415,2517,2534,2551,2568,2602,2619,2636,2653, 2670,
2687,2704,2721,2738,2755,2772,2789, 2806, 2823, 2840,
2859, 2876, 2893, 2910, and 2927 in, or replacing a compo-
nent, of an in-vitro transcription system such as, by way of
non-limiting example, a polymerase chain reaction or a
reticulocyte lysate transcription/translation system.

Further embodiments of methods include placing a cell
producing or encoding a recombinant, purified, and/or iso-
lated nucleotide sequence comprising a nucleotide sequence
selected from the group consisting of a nucleotide sequences
having at least 90% sequence identity to at least one of the
sequences of SEQ ID NOS: 2, 19, 36, 53, 70, 87, 104, 121,
138, 155, 172, 189, 206, 223, 240, 257, 274, 291, 308, 325,
342, 359, 376, 393, 410, 427, 444, 461, 478, 495, 512, 529,
546, 563, 580, 597, 614, 631, 648, 665, 682, 699, 716, 733,
750, 767, 784, 801, 818, 835, 852, 869, 886, 903, 920, 937,
954, 971, 988, 1005, 1022, 1039, 1056, 1073, 1090, 1107,
1124,1141,1158,1175,1192,1294,1311, 1328,1345, 1362,
1379,1396, 1413,1430, 1447, 1464, 1481, 1498, 1515, 1532,
1549,1566, 1583,1600, 1617, 1634,1651, 1668, 1685, 1702,
1719,1736,1753,1770, 1787, 1804, 1821, 1838, 1855, 1872,
1889, 1906, 1923,1940, 1957, 1974,1991, 2008, 2025, 2042,
2059,2076,2093,2110,2127,2144,2161,2178,2195,2212,
2229,2246,2263,2280,2297,2314,2331,2348,2365, 2382,
2399,2416,2518,2535,2552,2569,2603,2620,2637,2654,
2671,2688,2705,2722,2739,2756,2773,2790,2807, 2824,
2841, 2860, 2877, 2894, 2911, and 2928 and/or a recombi-
nant, purified, and/or isolated polypeptide selected from the
group consisting of a polypeptide having at least 90%
sequence identity to at least one of the sequences of SEQ ID
NOS: 1, 18, 35,52, 69, 86,103, 120, 137, 154,171, 188, 205,
222,239, 256, 273, 290, 307, 324, 341, 358, 375, 392, 409,
426, 443, 460, 477, 494, 511, 528, 545, 562, 579, 596, 613,
630, 647, 664, 681, 698, 715, 732, 749, 766, 783, 800, 817,
834,851, 868, 885,902, 819, 936, 953, 970, 987, 1004, 1021,
1038, 1055,1072,1089, 1106, 1123,1140,1157,1174,1191,
1293,1310,1327,1344, 1361, 1378, 1395, 1412, 1429, 1446,
1463,1480,1497,1514, 1531, 1548,1565, 1582,1599, 1616,
1633,1650,1667,1684,1701,1718,1735,1752,1769, 1786,
1803, 1820, 1837,1854, 1871, 1888, 1905, 1922, 1939, 1956,
1973,1990,2007,2024, 2041, 2058,2075,2092,2109, 2126,
2143,2160,2177,2194,2211,2228,2245,2262,2279, 2296,
2313,2330,2347,2364,2381,2398,2415,2517,2534, 2551,
2568,2602,2619,2636,2653,2670,2687,2704,2721, 2738,
2755,2772,2789,2806, 2823, 2840, 2859, 2876, 2893, 2910,
and 2927 in an environment comprising temperatures at or
above about 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85,
90, and/or 95 degrees Celsius and/or a pH at, below, and/or
above 8,7,6,5,4,3,2,1, and/or 0.
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These and other aspects of the invention will become
apparent to the skilled artisan in view of the teachings con-
tained herein.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 depicts a sequence alignment (Clustal W) between
SEQ ID NO: 1446 (RAAC01465) and reflZP_ 01666866.11,
reflYP_ 001039288.11, reflYP_001210812.11, reflYP _
001111548.11, and reflZP_01576004.11 (SEQ ID NOS:
1448-1452), respectively, which all have the function
assigned to SEQ ID NO: 1446 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a

FIG. 2 depicts a sequence alignment (ClustalW) between
SEQ ID NO: 443 (RAACO00371) and reflYP_ 145986.11,
reflYP_001124263.11,  refINP_241028.11,  reflYP_ _
001210899.11, and reflYP_ 001111617.11 (SEQ ID NOS:
445-449), respectively, which all have the function assigned
to SEQID NO: 443 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIGS. 3A-3C depict a sequence alignment (ClustalW)
(ClustalW) between SEQ ID NO: 477 (RAAC00408) and
reflZP_ 02326346.11, refINP__240992.11, reflYP__
001124230.11, reflYP_ 145951.11, and reflYP_ 73646.11
(SEQ ID NOS: 479-483), respectively, which all have the
function assigned to SEQ ID NO: 477 in Table 1. Amino acids
conserved among all sequences are indicted by a “*” and
generally conserved amino acids are indicated by a

FIGS. 4A-4C depict a sequence alignment (ClustalW)
(ClustalW) between SEQ ID NO: 460 (RAAC00407) and
reflZP_02326345.11, reflYP_001124231.11, refINP__
240993.11, reflYP__145952.11, and refINP_ 976431.11 (SEQ
1D NOS: 462-466), respectively, which all have the function
assigned to SEQ ID NO: 460 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a

FIG. 5 depicts a sequence alignment (ClustalW) between
SEQ ID NO: 596 (RAACO00480) and refINP_ 244660.11,
reflZP_01168478.11, reflYP 001127419.11, reflZP
01860921.11, and refINP_ 693930.11 (SEQ ID NOS: 598-
602), respectively, which all have the function assigned to
SEQ ID NO: 596 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIG. 6 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 307 (RAAC00147) and reflYP_850042.1l,
refINP__465351.11, reflYP_ 014447.11, refINP_ 268055.11,
and refINP_471274.11 (SEQ ID NOS: 309-313), respec-
tively, which all have the function assigned to SEQ ID NO:
307 in Table 1. Amino acids conserved among all sequences
are indicted by a “*”” and generally conserved amino acids are
indicated by a *“:”

FIG. 7 deplcts a sequence alignment (Clustal W) between
SEQ ID NO: 1752 (RAAC01826) and reflYP_ 074736.11,
reflYP_074981.11,  reflYP_001394390.11,  refINP__
244228.11, and reflYP_ 001275817.11 (SEQ ID NOS: 1754-
1758), respectively, which all have the function assigned to
SEQ ID NO: 1752 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIG. 8 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 868 (RAAC00896) and reflYP__001126509.11,
reflYP_ 148335.11, reflZP_ 02328521.11, reflZP__
01173341.11,and reflYP_ 001376241.11 (SEQID NOS: 870-
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874), respectively, which all have the function assigned to
SEQ ID NO: 868 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIG. 9 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 256 (RAACO00120) and refINP_ 243422 11,
reflYP_ 146980.11, reflYP_001125115.11, reflZP__
01862300.11, and reflZP_ 01172495.11 (SEQ ID NOS: 258-
262), respectively, which all have the function assigned to
SEQ ID NO: 256 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIG. 10 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 1956 (RAAC02146) and reflYP
001126333.11, gblAAB81194.11, reflYP_148161.11,
pdbl1LOOIC, and reflYP_001487306.11 (SEQ ID NOS:
1958-1962), respectively, which all have the function
assigned to SEQ ID NO: 1956 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIG. 11 depicts a sequence alignment (ClustalW) between
SEQ ID NO: 273 (RAAC00121) and reflZP_ 02330758.11,
reflYP_ 001212395.11, reflYP_001125116.11, refINP__
243420.11, and reflZP_ 01667054.11 (SEQ ID NOS: 275-
279), respectively, which all have the function assigned to
SEQ ID NO: 273 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIG. 12 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 2262 (RAAC02546) and reflYP
001512033.11, refINP_976421.11, refINP_842661.11,
refINP__829995.11, and reflYP_001373458.11 (SEQ ID
NOS: 2264-2268), respectively, which all have the function
assigned to SEQ ID NO: 2262 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIG. 13 depicts a sequence alignment (ClustalW) between
SEQ ID NO: 511 (RAACO00418) and reflYP_ 077384.11,
reflYP_ 001419777.11,  emblCAA41793.11,  reflZP__
01173595.11, and refINP_ 240981.11 (SEQ ID NOS: 513-
517), respectively, which all have the function assigned to
SEQ ID NO: 511 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIG. 14 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 2602 (RAACO02968) and reflYP__
001409756.11, reflYP_001485343.11, reflYP_ 181606.11,
refINP_976421.11, and refINP_ 842661.11 (SEQ ID NOS:
2604-2608), respectively, which all have the function
assigned to SEQ ID NO: 2602 in Table 1 Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIG. 15 depicts a sequence alignment between SEQ ID
NO: 2927 (RAAC03263) and RTHT02135, RTHT02135,
RBLH00099, RBSB05130, and RCTHO01302 (SEQ ID NOS:
2929-2933), respectively, which all have the function
assigned to SEQ ID NO: 2927 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIG. 16 depicts a sequence alignment (ClustalW) between
SEQ ID NO: 817 (RAAC00856) and reflYP_001126560.11,
refINP_ 242151.11, reflYP_ 175113.11, reflYP_ 148388.11,
and reflZP_ 01861605.11 (SEQ ID NOS: 819-823), respec-
tively, which all have the function assigned to SEQ ID NO:
817 in Table 1. Amino acids conserved among all sequences
are indicted by a““*” and generally conserved amino acids are
indicated by a *“:”

IR

IR

IR

IR

IR

IR

IR

IR



US 9,187,753 B2

7

FIG. 17 depicts a sequence alignment (ClustalW) between
SEQ ID NO: 1735 (RAAC01814) and reflYP_ 148388.1l,
reflYP_ 001126560.11, gblABY76244.11, reflYP__
896655.11, and refINP_980714.11 (SEQ ID NOS: 1737-
1741), respectively, which all have the function assigned to
SEQ ID NO: 1735 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIG. 18 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 2381 (RAACO02673) and reflYP__
001486125.11, reflZP_ 01696681.11, refINP_388808.1I,
refINP__830819.11, and reflYP_001643827.11 (SEQ ID
NOS: 2383-2387), respectively, which all have the function
assigned to SEQ ID NO: 2381 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a

FIG. 19 depicts a sequence alignment (ClustalW) between
SEQ ID NO: 1905 (RAAC02112) and reflYP_ 148250.11,
reflZP_ 01725195.11, refINP_390312.11, reflZP__
00538565.11, and reflYP_ 001126420.11 (SEQ ID NOS:
1907-1911), respectively, which all have the function
assigned to SEQ ID NO: 1905 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a

FIG. 20 depicts a sequence alignment (ClustalW) between
SEQ ID NO: 2568 (RAAC02902) and reflYP_ 147113.11,
refINP_243282.11,  reflYP_001125233.11,  reflYP_ _
75727.11, and reflZP_ 02330483.11 (SEQ ID NOS: 2570-
2574), respectively, which all have the function assigned to
SEQ ID NO: 2568 in Table 1 Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIG. 21 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 494 (RAAC00415) and reflZP_ 01173598.11,
reflYP_ 173640.11, reflYP_ 089786.11, reflYP_ 848410.11,
and refINP__691027.11 (SEQ ID NOS: 496-500), respec-
tively, which all have the function assigned to SEQ ID NO:
494 in Table 1. Amino acids conserved among all sequences
are indicted by a “*”” and generally conserved amino acids are
indicated by a *“:”

FIGS. 22A and 22B depict a sequence alignment (Clust-
alW) between SEQ ID NO: 562 (RAAC00475) and reflYP
149235.11, reflYP_001127411.11, reflYP_ 001377035.11,
gblAAU09403.11, and reflYP_ 039325.11 (SEQ ID NOS:
564-568), respectively, which all have the function assigned
to SEQID NO: 562 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIGS. 23A and 23B depict a sequence alignment (Clust-
alW) between SEQ ID NO: 2619 (RAAC02984) and reflZP__
01173129.11, reflZP_ 01696484.11, reflYP_ 001488275.11,
reflZP_02171541.11, and reflYP__173520.11 (SEQ ID NOS:
2621-2625), respectively, which all have the function
assigned to SEQ ID NO: 2619 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a

FIGS. 24 A and 24B depict a sequence ahgnment (Clust-
alW) between SEQIDNO: 2636 (RAAC02994) and refINP__
244812.11, reflZP_02171541.11, reflZP_01173129.11,
reflYP__090070.11, and reflYP_ 077660.11 (SEQ ID NOS:
2638-2642), respectively, which all have the function
assigned to SEQ ID NO: 2636 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a

FIG. 25 depicts a sequence alignment (ClustalW) between
SEQ ID NO: 86 (RAAC00039) and reflYP_ 177603.11,

refINP_244925.11, reflYP_ 001423363.11, reflZP__
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02327875.11, and reflZP_02172038.11 (SEQ ID NOS:
88-92), respectively, which all have the function assigned to
SEQ ID NO: 86 in Table 1. Amino acids conserved among all
sequences are indicted by a “*” and generally conserved
amino acids are indicated by a
FIG. 26 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 1871 (RAAC02034) and reflYP
001422137.11, reflYP_080133.11, refINP_243941.11,
reflYP_ 176156.11, and reflYP_ 001376422.11 (SEQ ID
NOS: 1873-1877), respectively, which all have the function
assigned to SEQ ID NO: 1871 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIG. 27 depicts a sequence alignment (ClustalW) between
SEQ ID NO: 188 (RAAC00092) and reflZP_ 01697682.11,
reflYP_ 146960.11, refINP_ 242122.11, reflYP
001125095.11, and refIZP__01860230.11 (SEQ ID NOS: 190-
194), respectively, which all have the function assigned to
SEQ ID NO: 188 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIG. 28 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 2143 (RAAC02454) and reflYP
001125095.11, reflYP_896293.11, reflYP_ 146960.11,
refINP__389392.11, and reflZP_ 02261942.11 (SEQ ID NOS:
2145-2149), respectively, which all have the function
assigned to SEQ ID NO: 2143 in Table 1 Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIG. 29 depicts a sequence alignment (ClustalW) between
SEQ ID NO: 341 (RAACO00212) and reflYP_ 752777.1l,
reflYP_ 001666100.11, refINP__621806.11, reflZP__
01666183.11, and reflYP_ 077079.11 (SEQ ID NOS: 343-
347), respectively, which all have the function assigned to
SEQ ID NO: 341 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIG. 30 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 2772 (RAACO03236) and reflYP__
001666100.11, reflYP_001317994.11, refINP_ 621806.11,
reflYP_ 001181188.11, and refINP_346951.11 (SEQ ID
NOS: 2774-2778), respectively, which all have the function
assigned to SEQ ID NO: 2772 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIG. 31 depicts a sequence alignment (ClustalW) between
SEQ ID NO: 2296 (RAAC02603) and refINP_ 346951.11,
reflYP_ 001181188.11, reflYP_001666100.11, refINP__
621806.11, and reflYP_ 001317994.11 (SEQ ID NOS: 2298-
2302), respectively, which all have the function assigned to
SEQ ID NO: 2296 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIG. 32 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 324 (RAACO00161) and gblAAC62407.11,
reflYP_ 001374031.11,  refINP_ 830661.11,  reflYP _
037204.11, and refINP__979446.11 (SEQ ID NOS: 326-330),
respectively, which all have the function assigned to SEQ ID
NO: 324 in Table 1. Amino acids conserved among all
sequences are indicted by a “*” and generally conserved
amino acids are indicated by a
FIG. 33 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 919 (RAAC00923) and reflYP_ 001422239.11,
reflYP_ 001420593.11, reflZP_01697004.11, reflZP__
01170670.11,and refl YP_ 001486165.11 (SEQIDNOS: 921-
925), respectively, which all have the function assigned to
SEQ ID NO: 919 in Table 1. Amino acids conserved among
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all sequences are indicted by a
amino acids are indicated by a
FIG. 34 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 749 (RAAC00643) and reflZP_ 02330525.11,
refINP_ 623103.11, reflZP_ 02330045.11, reflYP
001665292.11, and reflYP_ 001665293.11 (SEQ ID NOS:
751-755), respectively, which all have the function assigned
to SEQID NO: 749 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIG. 35 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 1361 (RAAC01427) and refINP_ 240926.11,
reflZP_02330558.11, reflYP_001419725.11, refINP__
829946.11, and refINP_842611.11 (SEQ ID NOS: 1363-
1367), respectively, which all have the function assigned to
SEQ ID NO: 1361 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIG. 36 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 426 (RAACO00365) and reflYP_ 173696.11,
reflZP_02329530.11,  reflZP_ 01696660.11,  refINP__
241105.11, and reflYP_ 001124272.11 (SEQ ID NOS: 428-
432), respectively, which all have the function assigned to
SEQ ID NO: 426 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIGS. 37A and 37B depict a sequence alignment (Clust-
alW) between SEQ ID NO: 1531 (RAAC01563) and reflZP__
01665476.11, reflZP_02259717.11, reflYP_ 036745.11,
reflYP_ 028716.11, and reflYP_ 083969.11 (SEQ ID NOS:
1533-1537), respectively, which all have the function
assigned to SEQ ID NO: 1531 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIG. 38 depicts a sequence alignment (ClustalW) between
SEQ ID NO: 2806 (RAAC02315) and reflYP_ 145847.11,
gblABGO00342.11, reflYP_536482.11, reflYP_891181.1I,
and reflYP_ 799230.11 (SEQ ID NOS: 2808-2812), respec-
tively, which all have the function assigned to SEQ ID NO:
2806 in Table 1. Amino acids conserved among all sequences
are indicted by a “*”” and generally conserved amino acids are
indicated by a *“:”

FIG. 39 deplcts a sequence alignment (ClustalW) between
SEQ ID NO: 103 (RAAC00040) and reflYP__001423364.11,
refINP_391977.11,  reflYP_001488932.11,  reflYP_ _
093870.11, and refl YP_ 081433.11 (SEQ ID NOS: 105-109),
respectively, which all have the function assigned to SEQ ID
NO: 103 in Table 1 Amino acids conserved among all
sequences are indicted by a “*” and generally conserved
amino acids are indicated by a

FIG. 40 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 205 (RAAC00113) and reflZP_ 01697918.11,
reflYP_ 001125108.11, emblCAJ75583.11, reflYP
146973.11, and reflZP_ 01172488.11 (SEQ ID NOS: 207-
211), respectively, which all have the function assigned to
SEQ ID NO: 205 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIGS. 41A and 41B depict a sequence alignment (Clust-
alW) between SEQ ID NO: 222 (RAAC00117) and reflZP
02330014.11,  embICAJ75587.11,  reflYP_146977.11,
reflYP_ 001125112.11, and refINP_243425.11 (SEQ ID
NOS: 224-228), respectively, which all have the function
assigned to SEQ ID NO: 222 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
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FIG. 42 depicts a sequence alignment (ClustalW) between
SEQ ID NO: 239 (RAACO00118) and reflYP_078922.1l,
reflYP_ 001375784.11, reflZP_ 02171874.11, reflYP_ _
001646530.11, and gblAAN04557.11 (SEQ ID NOS: 241-
245), respectively, which all have the function assigned to
SEQ ID NO: 239 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIG. 43 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 1344 (RAACO01377) and reflYP_ 47952.1l,
reflYP_ 520670.11,  reflYP_001395809.11,  reflYP_ _
001309701.11, and reflYP_ 001643660.11 (SEQ ID NOS:
1346-1350), respectively, which all have the function
assigned to SEQ ID NO: 1344 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIGS. 44A and 44B depict a sequence ahgnment (Clust-
alW)between SEQ IDNO: 2840 (RAAC02381) and refINP__
622177.11, reflYP_848858.11, reflYP_001374688.1l,
refINP__470039.11, and reflZP_ 01929325.11 (SEQ ID NOS:
2842-2846), respectively, which all have the function
assigned to SEQ ID NO: 2840 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIG. 45 depicts a sequence alignment (ClustalW) between
SEQ ID NO: 1038 (RAAC00991) and reflZP_ 02327412.11,
reflYP_ 001487207.11, reflZP_ 01172765.11, refINP__
831314.11, and refINP_ 844008.11 (SEQ ID NOS: 1040-
1044), respectively, which all have the function assigned to
SEQ ID NO: 1038 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIG. 46 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 766 (RAAC00650) and reflYP__001127183.11,
reflZP_ 02038504.11, reflYP_ 001647987.11, reflYP
001377114.11, and refINP__835081.11 (SEQ ID NOS: 768-
772), respectively, which all have the function assigned to
SEQ ID NO: 766 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIG. 47 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 2041 (RAAC02421) and reflZP_ 01721811.11,
refINP_ 24189711, reflYP_ 001486101.11, reflZP__
01170532.11, and reflZP_ 02327994.11 (SEQ ID NOS: 2043-
2047), respectively, which all have the function assigned to
SEQ ID NO: 2041 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIGS. 48A and 48B depict a sequence alignment (Clust-
alW) between SEQ ID NO: 1922 (RAAC02142) and refIZP__
01860158.11, reflYP_ 148164.11,  refINP_242401.11,
reflYP_ 001126336.11, and reflYP_ 001421751.11 (SEQ ID
NOS: 1924-1928), respectively, which all have the function
assigned to SEQ ID NO: 1922 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIGS. 49A and 49B depict a sequence ahgnment (Clust-
alW)between SEQ IDNO: 2687 (RAAC03015) and refINP__
628606.11,  reflZP_ 02061285.11,  refINP__824958.1l,
emblCAA04971.11, and gblAAC32488.11 (SEQ ID NOS:
2689-2693), respectively, which all have the function
assigned to SEQ ID NO: 2687 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIGS. 50A and 50B depict a sequence ahgnment (Clust-
alW)between SEQ IDNO: 2517 (RAAC02227) and reflYP__
430213.11, reflYP_001212426.11, reflYP_ 001663198.11,
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reflYP_360920.11, and reflYP_001665129.11 (SEQ ID
NOS: 2519-2523), respectively, which all have the function
assigned to SEQ ID NO: 2517 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a

FIG. 51 depicts a sequence alignment (ClustalW) between
SEQ ID NO: 834 (RAACO00872) and refINP_ 622598.1l,
reflYP_ 001320854.11, reflYP_ 001665389.11, reflYP _
001037463.11, and reflYP_ 001512768.11 (SEQ ID NOS:
836-840), respectively, which all have the function assigned
to SEQID NO: 834 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIG. 52 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 120 (RAAC00045) and reflZP_ 02172045.11,
reflZP_ 11089194.11, refINP_ 244931.11, reflYP
001213468.11, and reflYP_ 358877.11 (SEQ ID NOS: 122-
126), respectively, which all have the function assigned to
SEQ ID NO: 120 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIGS. 53A and 53B depict a sequence alignment (Clust-
alW) between SEQ ID NO: 2092 (RAAC02428) and
dbjIBAB83769.11, reflYP_ 146913.11,
splP1196110DP2_BACST, reflZP_ 01696305.11, and
reflYP_ 001125047.11 (SEQ ID NOS: 2094-2098), respec-
tively, which all have the function assigned to SEQ ID NO:
2092 in Table 1. Amino acids conserved among all sequences
are indicted by a “*”” and generally conserved amino acids are
indicated by a *“:”

FIGS. 54A and 54B depict a sequence alignment (Clust-
alW) between SEQ ID NO: 1650 (RAAC01659) and reflZP__
02326222.11, refINP_241081.11, reflYP 074242.11,
reflYP_ 001153408.11, and refINP_560158.11 (SEQ ID
NOS: 1652-1656), respectively, which all have the function
assigned to SEQ ID NO: 1650 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a

FIG. 55 depicts a sequence alignment (ClustalW) between
SEQ ID NO: 1701 (RAACO01745) and reflYP
001127228.11, reflYP_149070.11, reflZP_ 00539127.11,
reflZP_ 02326224.11, and refINP_ 241079.11 (SEQ ID NOS:
1703-1707), respectively, which all have the function
assigned to SEQ ID NO: 1701 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a

FIG. 56 depicts a sequence alignment (ClustalW) between
SEQ ID NO: 1718 (RAAC01746) and reflYP_ 149069.11,
reflYP_ 001127227.11, reflZP_00539126.11, reflYP
001125046.11, and refINP_ 833691.11 (SEQ ID NOS: 1720-
1724), respectively, which all have the function assigned to
SEQ ID NO: 1718 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIG. 57 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 2058 (RAAC02426) and refINP_ 243521.11,
pdbl1WS8SIA, splP2187310DPA_BACST, reflYP__
001421036.11, and reflYP__46911.11 (SEQ ID NOS: 2060-
2064), respectively, which all have the function assigned to
SEQ ID NO: 2058 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIG. 58 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 2075 (RAAC02427) and reflZP_ 01696304.11,
splP2187410DPB_BACST, reflYP_ 001125046.11,
pdbl1W85IB, and reflYP_ 146912.11 (SEQ ID NOS: 2077-
2081), respectively, which all have the function assigned to
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SEQ ID NO: 2075 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIG. 59 depicts a sequence ahgnment (ClustalW) between
SEQID NO: 1616 (RAAC01657) and reflZP_ 0232622411,
dbjIBAB40585.11, refINP_ 241079.11, reflYP__
001126012.11, and reflZP_ 01171269.11 (SEQ ID NOS:
1618-1622), respectively, which all have the function
assigned to SEQ ID NO: 1616 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIG. 60 depicts a sequence alignment (ClustalW) between
SEQ ID NO: 1633 (RAACO01658) and reflZP_ 02326223.11,
refINP_ 241080.11, dbjIBAB40586.11, reflYP
001126011.11, and refINP_ 693798.11 (SEQ ID NOS: 1635-
1639), respectively, which all have the function assigned to
SEQ ID NO: 1633 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIGS. 61A and 61B depict a sequence alignment (Clust-
alW) between SEQ ID NO: 630 (RAAC00484) and reflYP
001125466.11, reflZP_ 01697095.11, reflYP_ 14735311,
reflZP_ 01886631.11, and reflYP_ 077737.11 (SEQ ID NOS:
632-636), respectively, which all have the function assigned
to SEQ ID NO: 630 Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIG. 62 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 613 (RAACO00483) and refINP_ 886151.1l,
reflYP_ 147354.11,  reflYP_001125467.11,  reflYP _
001420062.11, and refINP_ 242684.11 (SEQ ID NOS: 615-
619), respectively, which all have the function assigned to
SEQ ID NO: 613 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIG. 63 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 290 (RAAC00134) and reflZP_ 01860800.11,
reflYP_ 47000.11, reflZP_ 01695960.11, reflYP__
001125127.11, and reflYP_ 806677.11 (SEQ ID NOS: 292-
296), respectively, which all have the function assigned to
SEQ ID NO: 290 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIG. 64 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 358 (RAACO00215) and reflYP_ 145879.11,
reflZP_01697513.11, reflYP_001124157.11, reflZP__
0117400711, and refl YP_ 001642924.11 (SEQID NOS: 360-
364), respectively, which all have the function assigned to
SEQ ID NO: 358 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIG. 65 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 2177 (RAAC02164) and reflYP_ 359129.11,
reflZP_ 02127016.11, reflYP_001540277.11, pdbl IM2NI A,
and pdbl1IM2KIA (SEQ ID NOS: 2179-2183), respectively,
which all have the function assigned to SEQ ID NO: 2177 in
Table 1. Amino acids conserved among all sequences are
indicted by a “*”” and generally conserved amino acids are
indicated by a
FIGS. 66A- 66C depict a sequence alignment (ClustalW)
between SEQ ID NO: 1395 (RAACO01438) and reflYP
173587.11,  refINP_240935.11, reflYP_001373418.1I,
reflYP_ 892975.11, and refINP_ 976379.11 (SEQ ID NOS:
1397-1401), respectively, which all have the function
assigned to SEQ ID NO: 1395 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
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FIG. 67 depicts a sequence alignment (ClustalW) between
SEQ ID NO: 2755 (RAAC03184) and reflYP
001105447.11, reflYP_117520.11, reflYP_046943.11,
reflYP_ 707186.11, and reflYP_001337847.11 (SEQ ID
NOS: 2757-2761), respectively, which all have the function
assigned to SEQ ID NO: 2755 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a

FIG. 68 depicts a sequence alignment between SEQ ID
NO: 2859 (RAAC02740) and refINP_ 391246.11, reflYP__
001488252.11, reflYP_244416.11, reflYP_001112264.11,
and reflYP_ 430670.11 (SEQ ID NOS: 2861-2865), respec-
tively, which all have the function assigned to SEQ ID NO:
2859 in Table 1. Amino acids conserved among all sequences
are indicted by a “*”” and generally conserved amino acids are
indicated by a *“:”

FIG. 69 deplcts a sequence alignment between SEQ 1D
NO: 2893 (RAACO02937) and reflYP_ 075413.11, reflYP__
001662816.11, reflYP_001664674.11, reflYP_827514.11,
and reflYP_ 827514.11 (SEQ ID NOS: 2895-2899), respec-
tively, which all have the function assigned to SEQ ID NO:
2893 in Table 1. Amino acids conserved among all sequences
are indicted by a “*”” and generally conserved amino acids are
indicated by a *“:”

FIG. 70 deplcts a sequence alignment (ClustalW) between
SEQ ID NO: 783 (RAAC00675) and reflYP__001373772.11,
reflYP_ 034761.11, reflYP_ 893335.11, reflZP__
00237972.11, and reflZP_ 02329595.11 (SEQ ID NOS: 785-
789), respectively, which all have the function assigned to
SEQ ID NO: 783 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIG. 71 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 2789 (RAAC02292) and gblAAB91591.11,
reflYP_ 001422657.11,  refINP_391247.11,  reflYP _
093160.11, and refINP_391246.11 (SEQ ID NOS: 2791-
2795), respectively, which all have the function assigned to
SEQ ID NO: 2789 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIG. 72 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 1599 (RAAC01655) and reflZP_ 00235680.11,
refINP_241278.11, refINP__845841.11, reflZP__
02260616.11, and reflZP_ 02256143.11 (SEQIDNOS: 1601-
1605), respectively, which all have the function assigned to
SEQ ID NO: 1599 Table 1. Amino acids conserved among all
sequences are indicted by a “*” and generally conserved
amino acids are indicated by a

FIG. 73 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 545 (RAAC00436) and reflZP_ 02171828.11,
reflYP_ 077369.11, reflYP_ 001485328.11, reflZP__
0232945511, and reflYP_ 001419762.11 (SEQID NOS: 547-
551), respectively, which all have the function assigned to
SEQ ID NO: 545 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIG. 74 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 1429 (RAACO01464) and reflYP__
001485324.11, reflYP_001124204.11, reflYP_ 145925.11,
reflYP_077366.11, and refINP_ 829977.11 (SEQ ID NOS:
1431-1435), respectively, which all have the function
assigned to SEQ ID NO: 1429 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a

FIG. 75 depicts a sequence alignment (ClustalW) between
SEQ ID NO: 698 (RAAC00579) and reflZP_ 01440002.11,
refINP__896891.11, reflYP_ 001623237.11, reflZP__

<,

<,

<,

<,

<,

<,

5

10

15

20

25

30

35

40

45

50

55

60

14

01419169.11, and reflZP_ 01084741.11 (SEQ ID NOS: 700-
704), respectively, which all have the function assigned to
SEQ ID NO: 698 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIG. 76 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 2721 (RAAC03156) and reflYP_ 954024.11,
reflYP_ 001360254.11, reflYP_001156989.11, reflZP__
00050136.21, and reflYP_ 591607.11 (SEQ ID NOS: 2723-
2727), respectlvely, which all have the function assigned to
SEQID NO: 2721 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIG. 77 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 715 (RAAC00603) and reflYP__001309477.11,
reflYP_ 001180339.11,  refINP_ 242735.11,  reflYP _
173905.11, and reflZP_ 00603386.11 (SEQ ID NOS: 717-
721), respectively, which all have the function assigned to
SEQ ID NO: 715 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIG. 78 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 2738 (RAAC03180) and reflYP
001664041.11, reflYP_001210714.11, refINP__242309.11,
reflZP_ 02038515.11, and reflYP__085042.11 (SEQ ID NOS:
2740-2744), respectively, which all have the function
assigned to SEQ ID NO: 2738 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIG. 79 depicts a sequence alignment (ClustalW) between
SEQ ID NO: 2024 (RAAC02417) and refINP_469419.11,
reflZP_ 02309926.11,  reflZP_ 01926077.11,  reflZP__
01941236.11, and reflYP_ 001111866.11 (SEQ ID NOS:
2026-2030), respectively, which all have the function
assigned to SEQ ID NO: 2024 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIG. 80 depicts a sequence alignment (ClustalW) between
SEQ ID NO: 1786 (RAACO01912) and reflYP__
001103030.11, reflYP_001363698.11, refINP_ 625321.11,
reflYP_ 822608.11, and reflZP_ 00996757.11 (SEQ ID NOS:
1788-1792), respectively, which all have the function
assigned to SEQ ID NO: 1786 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIG. 81 depicts a sequence alignment (ClustalW) between
SEQ ID NO: 2330 (RAAC02663) and reflYP_ 527240.11,
refINP_435364.11,  reflYP_001313948.11,  reflYP_ _
001169444.11, and reflZP_ 01509063.11 (SEQ ID NOS:
2332-2336), respectively, which all have the function
assigned to SEQ ID NO: 2330 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIG. 82 depicts a sequence alignment (ClustalW) between
SEQ ID NO: 1191 (RAACO01158) and reflYP_ 077724.11,
reflYP_ 643029.11, reflYP_ 174340.11, reflYP
001308645.11, and reflYP_ 516602.11 (SEQ ID NOS: 1193-
1197), respectively, which all have the function assigned to
SEQID NO: 1191 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIG. 83 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 137 (RAAC00068) and reflZP_ 02328287.11,
reflYP_ 001420528.11, reflYP_ 430032.11, reflZP__
02082978.11, and reflZP_ 01962813.11 (SEQ ID NOS: 139-
143), respectively, which all have the function assigned to
SEQ ID NO: 137 in Table 1. Amino acids conserved among
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all sequences are indicted by a “*”
amino acids are indicated by a

FIG. 84 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 1055 (RAACO01035) and reflYP_ 1642998.11,
refINP_ 822795.11, emblCAJ88752.11, reflYP
001191149.11, and reflYP_ 752794.11 (SEQ ID NOS: 1057-
1061), respectively, which all have the function assigned to
SEQ ID NO: 1055 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIG. 85 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 1854 (RAAC02031) and reflYP_ 148128.1l,
reflYP_ 001126297.11, reflYP_ 900875.11, reflZP__
01662088.11, and reflZP_ 01697892.11 (SEQIDNOS: 1856-
1860), respectively, which all have the function assigned to
SEQ ID NO: 1854 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIG. 86 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 2653 (RAAC03005) and reflYP
001127075.11,  reflYP_ 48880.11, reflYP_832996.11,
reflYP_ 949591.11, and reflYP_ 950253.11 (SEQ ID NOS:
2655-2659), respectively, which all have the function
assigned to SEQ ID NO: 2653 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a

FIG. 87 depicts a sequence alignment (ClustalW) between
SEQ ID NO: 2160 (RAAC02459) and reflYP_ 073926.11,
emblCABO08003.11, reflYP_ 431134.11, reflYP
001422711.11, and reflYP_ 080763.11 (SEQ ID NOS: 2162-
2166), respectively, which all have the function assigned to
SEQ ID NO: 2160 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIG. 88 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 1293 (RAAC01353) and RAAC01353_nuc,
reflYP_ 147389.11, refINP__243003.11, reflYP__
001125502.11, and reflYP_ 001665938.11 (SEQ ID NOS:
1294-1298), respectively, which all have the function
assigned to SEQ ID NO: 1293 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a

FIG. 89 depicts a sequence alignment (ClustalW) between
SEQ ID NO: 2109 (RAAC02432) and reflZP_ 02329176.11,
reflYP_ 076367.11, refINP__694155.11, reflYP__
001126042.11, and reflYP_ 643152.11 (SEQ ID NOS: 2111-
2115), respectively, which all have the function assigned to
SEQ ID NO: 2109 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIG. 90 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 681 (RAAC00570) and emblCAB65654.11,
reflYP_ 001662226.11, reflYP_ 001664166.11, refINP__
624096.11, and reflZP_ 02171282.11 (SEQ ID NOS: 683-
687), respectively, which all have the function assigned to
SEQ ID NO: 681 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIG. 91 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 375 (RAAC00269) and reflZP_ 01188890.11,
reflZP_11088246.11,  reflZP_ 11088241.11,  refINP__
242794.11, and refINP_ 244559.11 (SEQ ID NOS: 377-381),
respectively, which all have the function assigned to SEQ ID
NO: 375 in Table 1. Amino acids conserved among all
sequences are indicted by a “*” and generally conserved
amino acids are indicated by a
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FIG. 92 depicts a sequence alignment (ClustalW) between
SEQ ID NO: 1837 (RAAC02012) and reflYP_430255.1l,
reflYP_ 518526.11, reflZP_ 01369294.11, reflYP__
361384.11, and reflYP_ 001213325.11 (SEQ ID NOS: 1839-
1843), respectively, which all have the function assigned to
SEQ ID NO: 1837 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIG. 93 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 1667 (RAAC01701) and refINP_ 691275.11,
refINP_354021.11, reflYP_ 174284.11, reflZP__
01074644.11, and refINP__772010.11 (SEQ ID NOS: 1669-
1673), respectively, which all have the function assigned to
SEQ ID NO: 1667 in Table 1 Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIG. 94 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 936 (RAAC00927) and reflZP_ 02330514.11,
refINP_347485.11,  reflYP_001253394.11,  reflYP_ _
001308605.11, and reflYP_ 001376921.11 (SEQ ID NOS:
938-942), respectively, which all have the function assigned
to SEQID NO: 936 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIG. 95 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 953 (RAAC00935) and reflYP__001422559.11,
refINP_391166.11, gblAAB87745.4 pdbIS3JIA, and
reflYP_ 001643469.11 (SEQ ID NOS: 955-959), respec-
tively, which all have the function assigned to SEQ ID NO:
953 in Table 1 Amino acids conserved among all sequences
are indicted by a “*”” and generally conserved amino acids are
indicated by a *“:”

FIG. 96 deplcts a sequence alignment (ClustalW) between
SEQ ID NO: 1888 (RAAC02041) and refINP_ 693030.11,
reflYP_ 001320949.11, reflYP_001512727.11, reflYP _
001126687.11, and refl YP_ 148522.11 (SEQ ID NOS: 1890-
1894), respectively, which all have the function assigned to
SEQ ID NO: 1888 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIG. 97 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 2670 (RAAC02241) and refINP_ 629113.11,
refINP_824479.11, ref YP_001508494.11, reflZP__
01169478.11, and refINP_ 631123.11 (SEQ ID NOS: 2672-
2676), respectively, which all have the function assigned to
SEQ ID NO: 2670 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIG. 98 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 2347 (RAAC02671) and refINP_ 388620.11,
reflYP_ 001420380.11,  reflYP_ 090401.11,  reflYP _
077997.11, and reflYP_ 714968.11 (SEQ ID NOS: 2349-
2353), respectively, which all have the function assigned to
SEQ ID NO: 2347 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIG. 99 depicts a sequence ahgnment (ClustalW) between
SEQ ID NO: 664 (RAAC00549) and reflYP_ 427081.1l,
reflYP_ 001141973.11,  reflYP_ 927240.11,  reflYP_ _
001141729.11, and reflYP_ 856665.11 (SEQ ID NOS: 666-
670), respectively, which all have the function assigned to
SEQ ID NO: 664 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIG. 100 depicts a sequence alignment (ClustalW)
between SEQ ID NO: 1123 (RAAC01080) and
dbjIBAA00729.11, refINP__389627.11, reflZP__
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02328256.11, refINP__833433.11, and reflYP_ 001375615.11
(SEQ ID NOS: 1125-1129), respectively, which all have the
function assigned to SEQ ID NO: 1123 in Table 1. Amino
acids conserved among all sequences are indicted by a “*”
and generally conserved amino acids are indicated by a
FIG. 101 depicts a sequence alignment (ClustalW)
between SEQ ID NO: 1140 (RAACO01126) and reflYP
146517.11, refiZP_00739458.11, reflYP_ 001124699.11,
reflYP_ 893832.11, and refINP_ 830863.11 (SEQ ID NOS:
1142-1146), respectively, which all have the function
assigned to SEQ ID NO: 664 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIG. 102 depicts a sequence ahgnment (ClustalW)
between SEQ ID NO: 1174 (RAACO01138) and refINP__
832103.11, reflYP 894956.11, reflZP_02215257.1l,
refINP__978750.11, and refINP_ 844783.11 (SEQ ID NOS:
1176-1180), respectively, which all have the function
assigned to SEQ ID NO: 1174 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIG. 103 depicts a sequence ahgnment (ClustalW)
between SEQ ID NO: 409 (RAAC00354) and reflYP
001309939.11, reflYP_ 00164372311, reflYP_079403.11,
reflYP_ 001647188.11, and refINP_980994.11 (SEQ ID
NOS: 411-415), respectively, which all have the function
assigned to SEQ ID NO: 409 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIG. 104 depicts a sequence ahgnment (ClustalW)
between SEQ ID NO: 2415 (RAACO02712) and reflYP
036650.11,  refINP_978853.11, reflZP_01173627.11,
refINP_ 844911.11, and reflZP_ 02256518.11 (SEQ ID NOS:
2417-2421), respectively, which all have the function
assigned to SEQ ID NO: 2415 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIG. 105 depicts a sequence ahgnment (ClustalW)
between SEQ ID NO: 1072 (RAACO01059) and reflZP__
0232769911, reflYP_001126706.11, reflYP_ 4854211,
refINP__243968.11, and reflYP_ 360433.11 (SEQ ID NOS:
1074-1078), respectively, which all have the function
assigned to SEQ ID NO: 1072 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIG. 106 depicts a sequence ahgnment (ClustalW)
between SEQ ID NO: 1565 (RAACO01638) and reflYP
076316.11, relYP__603589.11, refINP__296097.11, reflYP__
004584.11, and reflYP_ 144239.11 (SEQ ID NOS: 1567-
1571), respectively, which all have the function assigned to
SEQ ID NO: 1565 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIG. 107 depicts a sequence alignment (ClustalW)
between SEQ ID NO: 1973 (RAACO02161) and reflYP
148132.11, reflYP_ 001126301.11, reflZP_02330236.11,
refINP_242446.11, and reflYP_ 175331.11 (SEQ ID NOS:
1975-1979), respectively, which all have the function
assigned to SEQ ID NO: 1973 in Table 1 Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIG. 108 depicts a sequence ahgnment (ClustalW)
between SEQ ID NO: 392 (RAAC00349) and reflYP
430046.11, reflYP_358986.11, reflYP_001213400.11,
reflZP__02330078.11, and reflYP_ 001114520.11 (SEQ ID
NOS: 394-398), respectively, which all have the function
assigned to SEQ ID NO: 392 in Table 1. Amino acids con-
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served among all sequences are indicted by a
ally conserved amino acids are indicated by a
FIG. 109 depicts a sequence ahgnment (ClustalW)
between SEQ ID NO: 1327 (RAACO01375) and reflYP
079987.11, reflYP_001634921.11, reflYP_ 290510.11,
reflYP_ 001423330.11, and reflYP_ 001422015.11 (SEQ ID
NOS: 1329-1333), respectively, which all have the function
assigned to SEQ ID NO: 1327 in Table 1. Amino acids con-
served among all sequences are indicted by a “*” and gener-
ally conserved amino acids are indicated by a
FIG. 110 depicts a sequence ahgnment (ClustalW)
between SEQ ID NO: 18 (RAACO00013) and reflYP
146744.11, reflYP_001647744.11, refINP_981573.11,
reflZP_ 02255842.11, and reflYP_ 897365.11 (SEQ ID NOS:
20-24), respectively, which all have the function assigned to
SEQ ID NO: 18 in Table 1. Amino acids conserved among all
sequences are indicted by a “*” and generally conserved
amino acids are indicated by a
FIG. 111 depicts a sequence alignment (ClustalW)
between SEQ ID NO: 1480 (RAACO01493) and reflYP
075596.11, rellYP__430668.11, reflYP_ 590553.11, reflYP__
478499.11, and reflYP_ 001668480.11 (SEQ ID NOS: 1482-
1486), respectively, which all have the function assigned to
SEQ ID NO: 1480 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIG. 112 depicts a sequence alignment (ClustalW)
between SEQ ID NO: 1582 (RAACO01653) and reflZP__
00743391.11, reflYP_ 001375561.11, reflYP_896056.11,
refINP_845992.11, and reflZP_ 02254866.11 (SEQ ID NOS:
1584-1588), respectively, which all have the function
assigned to SEQ ID NO: 1582 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIG. 113 depicts a sequence ahgnment (ClustalW)
between SEQ ID NO: 528 (RAAC00430) and reflYP
001210836.11, reflYP_ 00111155711, reflYP__
001485333.11, refINP__240971.11, and refINP_387969.11
(SEQ ID NOS: 530-534), respectively, which all have the
function assigned to SEQ ID NO: 528 in Table 1. Amino acids
conserved among all sequences are indicted by a “*” and
generally conserved amino acids are indicated by a
FIG. 114 depicts a sequence alignment (ClustalW)
between SEQ ID NO: 2823 (RAAC02359) and refINP__
832076.11, reflYP_001645033.11, refINP_844759.1l,
reflYP_ 001375058.11, and reflYP_ 535778.11 (SEQ ID
NOS: 2825-2829), respectively, which all have the function
assigned to SEQ ID NO: 2823 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIG. 115 depicts a sequence ahgnment (ClustalW)
between SEQ ID NO: 2279 (RAAC02589) and reflZP__
00591928.11, reflYP_001003150.11, refINP_046614.11,
reflYP_ 375842.11, and reflYP_001131112.11 (SEQ ID
NOS: 2281-2285), respectively, which all have the function
assigned to SEQ ID NO: 2279 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIG. 116 depicts a sequence ahgnment (ClustalW)
between SEQ ID NO: 1412 (RAACO01442) and reflZP
0217091911, reflYP_ 535778.11, refiZP_ 01862118.1I,
refINP_ 692713.11, and reflYP_ 359077.11 (SEQ ID NOS:
1414-1418), respectively, which all have the function
assigned to SEQ ID NO: 1412 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
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FIG. 117 depicts a sequence alignment (ClustalW)
between SEQ ID NO: 69 (RAAC00027) and reflYP
001213441.11, refINP__244917.11, reflYP_001377189.11,
reflYP_149334.11, and reflYP_ 077145.11 (SEQ ID NOS:
71-75), respectively, which all have the function assigned to
SEQ ID NO: 69 in Table 1. Amino acids conserved among all
sequences are indicted by a “*” and generally conserved
amino acids are indicated by a

FIG. 118 depicts a sequence alignment (ClustalW)
between SEQ ID NO: 2245 (RAAC02508) and refINP__
624000.11, reflYP_001662406.11, reflYP_001664279.11,
reflYP_ 001038261.11, and reflYP_ 001394883.11 (SEQ ID
NOS: 2247-2251), respectively, which all have the function
assigned to SEQ ID NO: 2245 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a

FIG. 119 depicts a sequence ahgnment (ClustalW)
between SEQ ID NO: 885 (RAAC00905) and reflZP__
00739566.11, refINP_ 830389.11, reflYP_001643379.11,
reflZP__00237866.11, and reflYP__034830.11 (SEQ ID NOS:
887-891), respectively, which all have the function assigned
to SEQID NO: 885 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIG. 120 depicts a sequence alignment (ClustalW)
between SEQ ID NO: 1769 (RAACO01903) and reflYP
001244333.11, emblCAI44346.11, reflZP_ 02128221.11,
refINP_ 228001.11,and reflZP_ 02171167.11 (SEQ ID NOS:
1771-1775), respectively, which all have the function
assigned to SEQ ID NO: 1769 in Table 1 Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a

FIG. 121 depicts a sequence ahgnment (ClustalW)
between SEQ ID NO: 987 (RAACO00981) and reflYP
290547.11, relYP_ 07475211, reflYP_ 480150.11, reflYP
001509772.11, and refINP__627230.11 (SEQ ID NOS: 989-
993), respectively, which all have the function assigned to
SEQ ID NO: 987 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIGS. 122 A and 122B depicta sequence alignment (Clust-
alW) between SEQIDNO: 1004 (RAAC00986) andreflYP
001489923.11, reflZP_ 01964315.11, refINP_937072.11,
refINP__762428.11, and reflZP_ 01847462.11 (SEQ ID NOS:
1006-1010), respectively, which all have the function
assigned to SEQ ID NO: 1004 Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a

FIGS. 123 A and 123B depict a sequence ahgnment (Clust-
alW) between SEQ ID NO: 2704 (RAAC03031) and reflZP__
01170738.11, reflZP_ 00539543.11, reflZP_ 02168828.1I,
reflZP_01856429.11, and reflYP_ 001114416.11 (SEQ ID
NOS: 2706-2710), respectively, which all have the function
assigned to SEQ ID NO: 2704 Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a

FIG. 124 depicts a sequence ahgnment (ClustalW)
between SEQ ID NO: 1803 (RAAC01956) and pdbl1B4AIA,
splO31408| ARGR_BACST, reflZP_ 00538558.11, refINP__
243643.11, and reflYP_ 001126414.11 (SEQ ID NOS: 1805-
1809), respectively, which all have the function assigned to
SEQ ID NO: 1803 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIG. 125 depicts a sequence alignment (ClustalW)
between SEQ ID NO: 1497 (RAACO01498) and reflYP
001127098.11, reflYP_148912.11, reflZP_ 01696601.11,
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reflYP_ 176517.11,and reflZP_ 01171675.11 (SEQ ID NOS:
1499-1503), respectively, which all have the function
assigned to SEQ ID NO: 1497 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIG. 126 depicts a sequence ahgnment (ClustalW)
between SEQ ID NO: 1548 (RAACO01624) and reflYP
090740.11, reflYP__ 078338.11, refINP_ 243093.11, reflYP__
001126180.11, and reflYP 001422307.11 (SEQ ID NOS:
1550-1554), respectively, which all have the function
assigned to SEQ ID NO: 1548 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIG. 127 depicts a sequence ahgnment (ClustalW)
between SEQ ID NO: 171 (RAAC00077) and reflZP__
01696173.11, reflZP_02327860.11, refiZP_00539488.1I,
refINP__694112.11, and reflYP_ 034511.11 (SEQ ID NOS:
173-177), respectively, which all have the function assigned
to SEQIDNO: 171 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIG. 128 depicts a sequence alignment (ClustalW)
between SEQ ID NO: 851 (RAAC00876) and reflZP
02170056.11,  reflYP_079889.11,  refINP__980690.11,
reflZP_ 02257686.11, and reflYP__038371.11 (SEQ ID NOS:
853-857), respectively, which all have the function assigned
to SEQIDNO: 851 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIG. 129 depicts a sequence alignment (ClustalW)
between SEQ ID NO: 647 (RAAC00525) and reflYP
001488458.11, reflZP_ 01665756.11, refINP_347033.11,
reflYP_ 080909.11, and reflYP_ 841318.11 (SEQ ID NOS:
649-653), respectively, which all have the function assigned
to SEQID NO: 647 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIG. 130 depicts a sequence alignment (ClustalW)
between SEQ ID NO: 1089 (RAACO01072) and reflYP
849514.11,  reflZP_02320157.11,  reflYP_013918.1l,
reflZP_ 02330749.11, and refINP__470676.11 (SEQ ID NOS:
1091-1095), respectively, which all have the function
assigned to SEQ ID NO: 1089 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIG. 131 depicts a sequence ahgnment (ClustalW)
between SEQ ID NO: 1310 (RAACO01366) and reflYP
849898.11, refINP__471127.11, refINP__465208.11, reflYP__
001124617.11, and reflYP_ 146331.11 (SEQ ID NOS: 1312-
1316), respectively, which all have the function assigned to
SEQ ID NO: 1310 Table 1. Amino acids conserved among all
sequences are indicted by a “*” and generally conserved
amino acids are indicated by a
FIG. 132 depicts a sequence alignment (ClustalW)
between SEQ ID NO: 1378 (RAACO01431) and reflZP__
01666690.11, reflYP_077070.11, refiZP_01173986.11,
reflYP_ 814057.11, and refINP_ 964223.11 (SEQ ID NOS:
1380-1384), respectively, which all have the function
assigned to SEQ ID NO: 1378 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIG. 133 depicts a sequence ahgnment (ClustalW)
between SEQ ID NO: 1514 (RAACO01505) and reflYP
149084.11, reflYP_001127265.11, reflYP_074599.11,
reflYP_ 001661816.11, and refINP_621898.11 (SEQ ID
NOS: 1516-1520), respectively, which all have the function
assigned to SEQ ID NO: 1514 in Table 1. Amino acids con-
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served among all sequences are indicted by a
ally conserved amino acids are indicated by a
FIG. 134 depicts a sequence ahgnment (ClustalW)
between SEQ ID NO: 1514 (RAACO01505) and reflYP
149084.11, reflYP_001127265.11, reflYP_074599.11,
reflYP_ 001661816.11, and refINP_621898.11 (SEQ ID
NOS: 1516-1520), respectively, which all have the function
assigned to SEQ ID NO: 1514 in Table 1. Amino acids con-
served among all sequences are indicted by a “*” and gener-
ally conserved amino acids are indicated by a
FIG. 135 depicts a sequence alignment between SEQ ID
NO: 1820 (RAAC01972) and reflZP_ 01171531.11, reflYP__
001391734.11, reflYP_001308325.11, reflYP_ 518781.11,
and reflYP_001254935.11 (SEQ ID NOS: 1822-1826),
respectively, which all have the function assigned to SEQ ID
NO: 1820 Table 1. Amino acids conserved among all
sequences are indicted by a “*” and generally conserved
amino acids are indicated by a
FIG. 136 depicts a sequence ahgnment between SEQ ID
NO: 154 (RAAC00076) and reflYP_ 001488917.11, reflYP
079193.11, refINP_241876.11, reflYP_174035.11, and
reflZP_ 01169176.11 (SEQ ID NOS: 156-160), respectively,
which all have the function assigned to SEQ ID NO: 154 in
Table 1. Amino acids conserved among all sequences are
indicted by a “*”” and generally conserved amino acids are
indicated by a
FIG. 137 deplcts a sequence alignment between SEQ 1D
NO: 1939 (RAACO02144) and reflZP_02327651.11,
splO32720ISP2AA_PAEPO, refINP_833792.11, refINP
846529.11, and reflYP_ 001646701.11 (SEQ ID NOS: 1941-
1945), respectively, which all have the function assigned to
SEQ ID NO: 1939 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a
FIGS. 138A and 138B deplct a sequence alignment
between SEQ ID NO: 2126 (RAAC02439) and reflYP
001125957.11, reflYP_147806.11, reflZP_ 01695872.11,
refINP__693661.11, and reflZP_ 01666100.11 (SEQ ID NOS:
2128-2132), respectively, which all have the function
assigned to SEQ ID NO: 2126 Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIG. 139 depicts a sequence alignment between SEQ ID
NO: 970 (RAAC00944) and reflYP__001488778.11, reflYP__
174256.11, reflYP_081277.11, reflYP_711801.11, and
reflYP_ 804091.11 (SEQ ID NOS: 972-976), respectively,
which all have the function assigned to SEQ ID NO: 970 in
Table 1. Amino acids conserved among all sequences are
indicted by a “*”” and generally conserved amino acids are
indicated by a
FIGS. 140A and 140B depict a sequence alignment
between SEQ ID NO: 2313 (RAAC02632) and reflZP__
01695369.11,  refINP_764957.11, refINP_ 646484.1,
reflYP_ 001332652.11, and refINP_372249.11 (SEQ ID
NOS: 2315-2319), respectively, which all have the function
assigned to SEQ ID NO: 2313 in Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a
FIG. 141 depicts a sequence alignment between SEQ ID
NO: 2211 (RAAC02474) and reflZP_ 02329050.11, reflYP
148935.11, gblAAX09759.11, reflYP_001127122.11, and
reflYP_ 001376898.11 (SEQ ID NOS: 2213-2217), respec-
tively, which all have the function assigned to SEQ ID NO:
2211 in Table 1. Amino acids conserved among all sequences
are indicted by a “*” and generally conserved amino acids are
indicated by a *“:”
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FIG. 142 depicts a sequence alignment between SEQ 1D
NO: 732 (RAAC00625) and refINP_ 244107.11, reflZP
01188060.11, reflYP_ 76259.11, reflYP_148663.11, and
reflYP_ 001126805.11 (SEQ ID NOS: 734-738), respec-
tively, which all have the function assigned to SEQ ID NO:
732 in Table 1. Amino acids conserved among all sequences
are indicted by a “*”” and generally conserved amino acids are
indicated by a *“:”

FIG. 143 deplcts a sequence alignment between SEQ 1D
NO: 800 (RAACO00733) and reflZP_ 01697803.11, reflYP__
001488326.11, reflZP_ 01860336.11, refINP__834817.11,
and refINP__693386.11 (SEQ ID NOS: 802-806), respec-
tively, which all have the function assigned to SEQ ID NO:
800 in Table 1. Amino acids conserved among all sequences
are indicted by a “*”” and generally conserved amino acids are
indicated by a *“:”

FIG. 144 deplcts a sequence alignment between SEQ 1D
NO: 2194 (RAAC02466) and reflZP__01860336.11, refIZP__
02327791.11, refINP_ 244433.11, reflZP_ 01171669.11, and
reflYP_ 001488326.11 (SEQ ID NOS: 2196-2200), respec-
tively, which all have the function assigned to SEQ ID NO:
2194 in Table 1. Amino acids conserved among all sequences
are indicted by a “*”” and generally conserved amino acids are
indicated by a *“:”

FIG. 145 deplcts a sequence alignment between SEQ 1D
NO: 2398 (RAACO02678) and reflYP_001124914.11,
reflYP_ 146760.11, reflYP_ 001319371.11, reflZP__
01723416.11, and reflZP_ 00742387.11 (SEQ ID NOS: 2400-
2404), respectively, which all have the function assigned to
SEQ ID NO: 2398 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a

FIG. 146 depicts a sequence ahgnment between SEQ ID
NO: 2228 (RAAC02507) and reflYP_ 517080.11, reflZP__
02185068.11, reflYP_ 001394884.11, relZP_ 01574787.11,
and reflYP_ 001559227.11 (SEQ ID NOS: 2230-2234),
respectively, which all have the function assigned to SEQ ID
NO: 2228 in Table 1. Amino acids conserved among all
sequences are indicted by a “*” and generally conserved
amino acids are indicated by a

FIGS. 147A and 147B deplct a sequence alignment
between SEQ ID NO: 902 (RAAC00906) and reflZP
0166745511, reflZP_ 01515931.11, reflYP_ 001430381.11,
reflYP_ 001637100.11, and reflYP_ 146183.11 (SEQ ID
NOS: 904-908), respectively, which all have the function
assigned to SEQ ID NO: 902 Table 1. Amino acids conserved
among all sequences are indicted by a “*” and generally
conserved amino acids are indicated by a

FIG. 148 depicts a sequence alignment between SEQ ID
NO: 2364 (RAAC02211) and reflYP_ 005108.11, reflYP__
144769.11, reflYP_001124914.11, reflYP_ 001157480.11,
and reflZP_ 01773683.11 (SEQ ID NOS: 2366-2370),
respectively, which all have the function assigned to SEQ ID
NO: 2364 in Table 1. Amino acids conserved among all
sequences are indicted by a “*” and generally conserved
amino acids are indicated by a

FIGS. 149A and 149B deplct a sequence alignment
between SEQ ID NO: 1463 (RAACO01489) and reflZP__
0169633511, reflZP_ 01667455.11, refiZP_ 00739567.11,
reflYP_ 001037228.11, and refINP_830390.11 (SEQ ID
NOS: 1465-1469), respectively, which all have the function
assigned to SEQ ID NO: 1463 Table 1. Amino acids con-
served among all sequences are indicted by a “*”” and gener-
ally conserved amino acids are indicated by a

FIGS. 150A and 150B depict a sequence alignment
between SEQ ID NO: 2007 (RAAC02391) and reflZP__
01697157.11, reflYP_ 001212380.11, reflZP_ 00539202.11,
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refINP__693085.11, and reflZP_ 02329946.11 (SEQ ID NOS:
2009-2013), respectively, which all have the function
assigned to SEQ ID NO: 2007 Table 1. Amino acids con-
served among all sequences are indicted by a “*” and gener-
ally conserved amino acids are indicated by a “:”.

FIGS. 151A and 151B depict a sequence alignment
between SEQ ID NO: 2551 (RAACO02885) and reflYP
147095.11, refiZP_01171502.11, reflYP_001125215.11,
reflYP_ 001486785.11, and reflZP_ 01861001.11 (SEQ ID
NOS: 2553-2557), respectively, which all have the function
assigned to SEQ ID NO: 2551 Table 1. Amino acids con-
served among all sequences are indicted by a “*” and gener-
ally conserved amino acids are indicated by a “:”.

FIG. 152 depicts a sequence alignment between SEQ ID
NO: 2534 (RAACO02876) and reflYP_001125206.11,
reflZP_ 01696550.11, reflYP_ 001410204.11, reflZP
01860990.11, and refINP__243310.11 (SEQ ID NOS: 2536-
2540), respectively, which all have the function assigned to
SEQ ID NO: 2534 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a “:”.

FIG. 153 depicts a sequence alignment between SEQ ID
NO: 1021 (RAACO00987) and reflYP 001559801.11,
reflZP_ 01696550.11, reflYP_ 753552.11, refINP__
243310.11, and reflZP_ 01725653.11 (SEQ ID NOS: 1023-
1027), respectively, which all have the function assigned to
SEQ ID NO: 1021 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a “:”.

FIGS. 154A and 154B depict a sequence alignment
between SEQ ID NO: 1990 (RAACO02162) and reflYP
148131.11, reflYP_001126300.11, reflYP_079616.11,
refINP_390192.11, and reflYP 001487274.11 (SEQ ID
NOS: 1992-1996), respectively, which all have the function
assigned to SEQ ID NO: 1990 Table 1. Amino acids con-
served among all sequences are indicted by a “*” and gener-
ally conserved amino acids are indicated by a “:”.

FIG. 155 depicts a sequence alignment between SEQ ID
NO: 1 (RAAC00012) and reflYP_ 907563.11, reflYP _
955166.11, reflZP_00997175.11, reflYP_ 001133548.1l,
and reflYP_ 829143.11 (SEQ ID NOS: 3-7), respectively,
which all have the function assigned to SEQ ID NO: 1 in Table
1. Amino acids conserved among all sequences are indicted
by a “*” and generally conserved amino acids are indicated by
a‘“”.

FIGS. 156A and 156B depict a sequence alignment
between SEQ ID NO: 2876 (RAACO02761) and
emblCAG29823.11, refINP_923516.11, reflZP__
02329377.11, gblEAY57526.11, and reflYP 149098.11
(SEQ ID NOS: 2878-2882), respectively, which all have the
function assigned to SEQ ID NO: 2876 in Table 1. Amino
acids conserved among all sequences are indicted by a “*”
and generally conserved amino acids are indicated by a “:”.

FIG. 157 depicts a sequence alignment between SEQ ID
NO: 579 (RAAC00477)and reflYP__001377039.11, refINP__
244654.11, reflYP_ 001647908.11, reflYP_ 897521.11, and
reflZP_00744427.11 (SEQ ID NOS: 581-585), respectively,
which all have the function assigned to SEQ ID NO: 579 in
Table 1. Amino acids conserved among all sequences are
indicted by a “*”” and generally conserved amino acids are
indicated by a “:”.

FIGS. 158A and 158B depict a sequence alignment
between SEQ ID NO: 35 (RAACO00019) and reflZP
02169265.11,  reflYP_848463.11, refINP__694373.11,
reflZP_01695448.11, and reflZP_00539458.11 (SEQ ID
NOS: 37-41), respectively, which all have the function
assigned to SEQ ID NO: 35 in Table 1. Amino acids con-
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served among all sequences are indicted by a
ally conserved amino acids are indicated by a “:”.

FIG. 159 depicts a sequence alignment between SEQ 1D
NO: 52 (RAAC00020) and reflZP_ 01169692.11, reflZP__
0169544911, reflYP_ 001127497.11, reflYP_ 149327.11,
and reflYP_ 534941.11 (SEQ ID NOS: 54-58), respectively,
which all have the function assigned to SEQ ID NO: 52 in
Table 1. Amino acids conserved among all sequences are
indicted by a “*”” and generally conserved amino acids are
indicated by a

FIGS. 160A and 160B depict a sequence alignment
between SEQ ID NO: 1684 (RAACO01715) and
gblEDQ48509.11, gblEDQ48476.11, refiZP_ 0157542511,
reflZP_ 02025790.11, and reflYP_ 001662047.11 (SEQ ID
NOS: 1686-1690), respectively, which all have the function
assigned to SEQ ID NO: 1684 in Table 1. Amino acids con-
served among all sequences are indicted by a “*” and gener-
ally conserved amino acids are indicated by a

FIGS. 161A-161C depict a sequence alignment between
SEQ ID NO: 1157 (RAAC01137) and refINP_ 978751.11,
reflZP_ 00741477.11, reflYP_ 894957.11, refINP__
844784.11, and reflZP_ 02259481.11 (SEQ ID NOS: 1159-
1163), respectively, which all have the function assigned to
SEQID NO: 1157 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a “:”.

FIGS. 162A-162C depict a sequence alignment between
SEQ ID NO: 2910 (RAAC03013) and reflZP_ 02168855.11,
refINP__470526.11, reflZP_ 02320069.11, reflZP__
01927122.11, and reflYP_ 013834.11 (SEQ ID NOS: 2912-
2916), respectively, which all have the function assigned to
SEQ ID NO: 2910 in Table 1. Amino acids conserved among
all sequences are indicted by a “*”” and generally conserved
amino acids are indicated by a “:”.
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DETAILED DESCRIPTION OF THE INVENTION

Bacterial DNA codes for information that regulates tran-
scription of genes into mRNA, which codes for proteins or
enzymes used for; control of growth, and processing of
energy, carbon and other compounds by the cell. Most of
these transcriptional regulators/repressors function to turn on
and off genes to minimize expenditure of cellular energy in
response to their growth environment (i.e., presence of
growth substrate, metals, temperature, etc.). This can become
aproblem related to process development because regulation
and control of enzymes for a specific reaction may lead to
suboptimal growth or suboptimal production of a desired
metabolite (enzyme or compound). The genome of Alicyclo-
bacillus acidocaldarius strain ATCC 27009 contains numer-
ous coding sequences for transcriptional regulators and
repressors of proteins related to growth, and processing of
carbon by the cell. These regulators and repressors may
directly affect expression of glycosyl hydrolase and/or
esterase enzymes for processing of biomass outside the cell,
as well as controlling production of valuable secondary
metabolites.

Metabolic engineering through modification (genetic engi-
neering) of these regulatory responses for transcription is one
approach for optimization of cellular processes, by way of
non-limiting example, Alicyclobacillus acidocaldarius. Con-
trol of these genes will allow for over-expression of desired
pathways (e.g., production of glycosyl hydrolases, organic
acids or alcohols), or likewise elimination or causing reduced
expression of genes leading to undesired pathways or prod-
ucts (e.g., proteins that control transcription of glycosyl
hydrolase genes). Control of these genes, or using them as
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loci for controlling/optimizing carbon processing in organ-
isms, such as, by way of non-limiting example, the theanoaci-
dophile Alicyclobacillus acidocaldarius has not been previ-
ously attempted wusing genes and proteins from
Alicyclobacillus acidocaldarius; thereby, making use of tran- 5
scriptional regulators from this source novel.

Embodiments of the invention include genes and associ-
ated proteins related to regulation of growth and metabolism
of the thermoacidophile Alicyclobacillus acidocaldarius.
Coding sequences for genes related to these processes were 10
determined from sequence information generated from
sequencing the genome of Alicyclobacillus acidocaldarius.
These genes and proteins may represent targets for metabolic
engineering of Alicyclobacillus acidocaldarius or other
organisms. Non-limiting examples of nucleotide sequences 15
found within the genome of Alicyclobacillus acidocaldarius,
and amino acids coded thereby, associated with regulation of
growth and carbon metabolism are listed in Table 1. Regula-
tors and repressors may be, without limitation, of the follow-
ing classes: regulators that control growth, including cell 20
division and growth under aerobic and anaerobic conditions;

26

regulators that respond to environmental conditions such as
temperature, metal concentration and metabolite concentra-
tion; regulators of secondary metabolite pathways such as
amino acids, organic acids, alcohols, antibiotics, antibiotic
resistance, enzymes related to DNA processing and others;
repressors related to carbon processing operons that respond
to the presence or absence of organic compounds in the
growth environment; signal transduction regulators that con-
trol phases of growth and carbon processing; regulators that
control the response of Alicyclobacillus acidocaldarius to its
growth environment allowing movement toward carbon
sources or biofilm formation on a carbon source; and others.

Embodiments of the invention relate in part to the gene
sequences and/or protein sequences comprising genes and/or
proteins of Alicyclobacillus acidocaldarius. Genes and pro-
teins included are those which play a role in transcription and
transcriptional control. Intracellular enzyme activities may be
thermophilic and/or acidophilic in nature and general
examples of similar genes are described in the literature.
Classes of genes, sequences, enzymes and factors include, but
are not limited to, those listed in Table 1.

TABLE 1

Alicyclobacillus acidocaldarius genes related to transcription and transcriptional regulation

Reference Gene Sequence Protein Sequence Function

RAAC00012 SEQ ID NO:
RAAC00013 SEQ ID NO:
RAAC00019 SEQ ID NO:
RAAC00020 SEQ ID NO:
RAAC00027 SEQ ID NO:
RAAC00039 SEQ ID NO:
RAAC00040 SEQ ID NO:
RAAC00045 SEQ ID NO:
RAAC00068 SEQ ID NO:
RAAC00076 SEQ ID NO:
RAAC00077 SEQ ID NO:
RAAC00092 SEQ ID NO:

RAAC00113 SEQ ID NO:
RAAC00117 SEQ ID NO:
RAAC00118 SEQ ID NO:
RAAC00120 SEQ ID NO:
RAAC00121 SEQ ID NO:
RAAC00134 SEQ ID NO:
RAAC00147 SEQ ID NO:

RAAC00161 SEQ ID NO:
RAAC00212 SEQ ID NO:
RAAC00215 SEQ ID NO:
RAAC00269 SEQ ID NO:
RAAC00349 SEQ ID NO:
RAAC00354 SEQ ID NO:
RAAC00365 SEQ ID NO:
RAAC00371 SEQ ID NO:

RAAC00407 SEQ ID NO:
RAAC00408 SEQ ID NO:
RAAC00415 SEQ ID NO:
RAAC00418 SEQ ID NO:
RAAC00430 SEQ ID NO:
RAAC00436 SEQ ID NO:
RAAC00475 SEQ ID NO:
RAAC00477 SEQ ID NO:
RAAC00480 SEQ ID NO:
RAAC00483 SEQ ID NO:

RAAC00484 SEQ ID NO:
RAAC00525 SEQ ID NO:
RAAC00549 SEQ ID NO:
RAAC00570 SEQ ID NO:
RAAC00579 SEQ ID NO:
RAAC00603 SEQ ID NO:
RAAC00625 SEQ ID NO:
RAAC00643 SEQ ID NO:

2 SEQID NO: 1 C4-dicarboxylate transport protein

19 SEQIDNO: 18 Transcriptional regulators, LysR family
36  SEQIDNO: 35 Two-component sensor kinase yycG

53 SEQ ID NO: 52 Two-component response regulator yycF
70  SEQID NO: 69 Single-strand DNA binding protein

87  SEQIDNO: 86 Stage 0 sporulation protein J

104 SEQIDNO: 103 Chromosome partitioning protein parA

121 SEQIDNO: 120 Jag protein

138 SEQID NO: 137 Transcriptional regulator, GntR family

155 SEQIDNO: 154 Trp repressor binding protein

172 SEQIDNO: 171 Gluconate operon transcriptional repressor

189  SEQID NO: 188 Prespore specific transcriptional activator
rsfA

206 SEQID NO: 205 Cell-division initiation protein DivIB

223 SEQIDNO: 222 Cell division protein ftsA

240 SEQID NO: 239 Cell division protein ftsZ

257 SEQID NO: 256 RNA polymerase sigma-E factor

274 SEQID NO: 273 RNA polymerase sigma-G factor

291 SEQID NO: 290 Pyrimidine operon regulatory protein pyrR

308 SEQID NO: 307 DNA-directed RNA polymerase omega
chain

325 SEQIDNO: 324 Small acid-soluble spore protein

342 SEQIDNO: 341 Transcription state regulatory protein abrB

359 SEQID NO: 358 Phosphorelay inhibitor

376 SEQID NO: 375 Transcriptional regulator, Lacl family

393 SEQID NO: 392 Transcriptional regulator, AsnC family

410 SEQID NO: 409 Transcriptional regulator, TetR family

427 SEQID NO: 426 N-acetylmuramoyl-L-alanine amidase

444  SEQID NO: 443 DNA-directed RNA polymerase alpha
chain

461 SEQ ID NO: 460 DNA-directed RNA polymerase beta' chain

478 SEQID NO: 477 DNA-directed RNA polymerase beta chain

495 SEQID NO: 494 Transcription antitermination protein nusG

512 SEQIDNO: 511 RNA polymerase sigma-H factor

529 SEQID NO: 528 DNA-binding protein

546 SEQID NO: 545 Transcriptional regulator ctsR

563 SEQID NO: 562 Transcription termination factor rho

580 SEQID NO: 579 Sporulation initiation phosphotransferase F

597 SEQID NO: 596 DNA-directed RNA polymerase delta chain

614 SEQIDNO: 613 Regulator of kinase autophosphorylation
inhibitor

631 SEQID NO: 630 Kinase autophosphorylation inhibitor kipI

648 SEQID NO: 647 Kdg operon repressor

665 SEQID NO: 664 Transcriptional regulator, MerR family

682 SEQID NO: 681 Transcriptional regulator, Lacl family

699 SEQID NO: 698 Transcriptional regulator, ArsR family

716 SEQIDNO: 715 Transcriptional regulator, ArsR family

733 SEQID NO: 732 Catabolite control protein A

750  SEQID NO: 749 Small acid-soluble spore protein
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TABLE 1-continued

Alicyclobacillus acidocaldarius genes related to transcription and transcriptional regulation

Reference Gene Sequence Protein Sequence Function

RAAC00650 SEQID NO: 767 SEQ ID NO: 766 Glycosyltransferase

RAAC00675 SEQID NO: 784 SEQ ID NO: 783 Transcriptional regulator

RAAC00733 SEQID NO: 801 SEQ ID NO: 800 Catabolite repression protein crh

RAAC00856 SEQID NO: 818 SEQID NO: 817 RNA polymerase sigma-K factor

RAAC00872 SEQID NO: 835 SEQ ID NO: 834 Spore protease

RAAC00876 SEQID NO: 852 SEQ ID NO: 851 Heat-inducible transcription repressor hrc A

RAAC00896 SEQ ID NO: 869 SEQ ID NO: 868 RNA polymerase sigma factor rpoD

RAAC00905 SEQ ID NO: 886 SEQ ID NO: 885 Two-component response regulator

RAAC00906 SEQID NO: 903 SEQ ID NO: 902 Two component system histidine kinase

RAAC00923 SEQID NO: 920 SEQID NO:919 Small acid-soluble spore protein

RAAC00927 SEQID NO: 937 SEQIDNO:936 Transcriptional regulator, MarR family

RAAC00935 SEQID NO: 954 SEQ ID NO: 953 Transcriptional regulator, MarR family

RAAC00944 SEQIDNO: 971 SEQID NO:970 Transcriptional activator tenA

RAAC00981 SEQ ID NO: 988 SEQ ID NO: 987 Two-component response regulator

RAAC00986 SEQID NO: 1005 SEQID NO: 1004  Two-component response regulator

RAAC00987 SEQID NO: 1022 SEQIDNO: 1021  Chemotaxis protein cheY

RAAC00991 SEQID NO: 1039 SEQID NO: 1038  Glycosyltransferase

RAAC01035 SEQ ID NO: 1056 SEQID NO: 1055  Transcriptional regulator, GntR family

RAAC01059 SEQID NO: 1073 SEQIDNO: 1072  Transcriptional regulator, TetR family

RAACO01072 SEQ ID NO: 1090 SEQID NO: 1089  Repressor LexA

RAAC01078 SEQID NO: 1107 SEQIDNO: 1106  Ribose operon repressor

RAAC01080 SEQIDNO: 1124 SEQIDNO: 1123  Transcriptional regulator, MerR family

RAACO01126 SEQIDNO: 1141 SEQIDNO: 1140  Transcriptional regulator, TetR family

RAACO01137 SEQID NO: 1158 SEQIDNO:1157  Transporter, MMPL family

RAAC01138 SEQIDNO: 1175 SEQIDNO: 1174  Transcriptional regulator, TetR family

RAACO01158 SEQIDNO: 1192 SEQIDNO:1191  Transcriptional regulator, GntR family

RAAC01353 SEQID NO: 1294 SEQIDNO: 1293  Transcriptional regulator, IcIR family

RAAC01366 SEQID NO: 1311 SEQIDNO: 1310  Peroxide operon regulator

RAAC01375 SEQID NO: 1328 SEQIDNO: 1327  Transcriptional regulators, LysR family

RAAC01377 SEQID NO: 1345 SEQIDNO: 1344  Glycosyltransferase

RAACO01427 SEQID NO: 1362 SEQIDNO:1361  SspF protein

RAAC01431 SEQID NO: 1379 SEQID NO: 1378  Pur operon repressor

RAAC01438 SEQID NO: 1396 SEQIDNO: 1395  Transcription-repair coupling factor

RAACO01442 SEQID NO: 1413 SEQIDNO: 1412  DNA-binding protein HU

RAAC01464 SEQID NO: 1430 SEQID NO: 1429  Transcriptional regulator, Xre family

RAAC01465 SEQID NO: 1447 SEQID NO: 1446  Transcription elongation factor greA

RAAC01489 SEQID NO: 1464 SEQID NO: 1463  Two component system histidine kinase

RAAC01493 SEQID NO: 1481 SEQID NO: 1480  Transcriptional regulators, LysR family

RAAC01498 SEQ ID NO: 1498 SEQID NO: 1497  Central glycolytic genes regulator

RAACO01505 SEQID NO: 1515 SEQIDNO: 1514  Ribose operon repressor

RAAC01563 SEQID NO: 1532 SEQIDNO:1531  Sporulation kinase D

RAACO01624 SEQID NO: 1549 SEQID NO: 1548  Ebg operon repressor

RAAC01638 SEQID NO: 1566 SEQIDNO: 1565  Transcriptional regulator, TetR family

RAAC01653 SEQID NO: 1583 SEQIDNO: 1582  Transcriptional regulators, LysR family

RAACO01655 SEQ ID NO: 1600 SEQIDNO: 1599  Transcriptional regulator

RAAC01657 SEQIDNO: 1617 SEQIDNO: 1616  Pyruvate dehydrogenase (acetyl-
transferring)

RAAC01658 SEQID NO: 1634 SEQIDNO: 1633  Pyruvate dehydrogenase (acetyl-
transferring)

RAAC01659 SEQID NO: 1651 SEQIDNO:1650  Dihydrolipoyllysine-residue
acetyltransferase

RAAC01701 SEQID NO: 1668 SEQIDNO: 1667  Transcriptional regulator, MarR family

RAACO01715 SEQID NO: 1685 SEQID NO: 1684  Two-component response regulator yesN

RAAC01745 SEQIDNO: 1702 SEQIDNO:1701  Pyruvate dehydrogenase (acetyl-
transferring)

RAAC01746 SEQIDNO: 1719 SEQIDNO:1718  Pyruvate dehydrogenase (acetyl-
transferring)

RAAC01814 SEQID NO: 1736 SEQIDNO: 1735  RNA polymerase sigma-K factor

RAAC01826 SEQID NO: 1753 SEQIDNO: 1752  RNA polymerase ECF-type sigma factor

RAAC01903 SEQID NO: 1770 SEQ ID NO:1769 Two-component response regulator

RAAC01912 SEQID NO: 1787 SEQIDNO: 1786  Transcriptional regulator, DeoR family

RAAC01956 SEQ ID NO: 1804 SEQID NO: 1803  Arginine repressor, argR

RAAC01972 SEQID NO: 1821 SEQID NO: 1820  Transcription pleiotropic repressor codY

RAAC02012 SEQID NO: 1838 SEQID NO: 1837  Transcriptional regulator, LytR family

RAAC02031 SEQ ID NO: 1855 SEQID NO: 1854  Transcriptional regulator, GntR family

RAAC02034 SEQID NO: 1872 SEQIDNO: 1871  Germination protein gerE

RAAC02041 SEQID NO: 1889 SEQID NO: 1888  Transcriptional regulator, MarR family

RAAC02112 SEQID NO: 1906 SEQID NO: 1905 N utilization substance protein B

RAAC02142 SEQID NO: 1923 SEQIDNO: 1922  Serine-type D-Ala-D-Ala carboxypeptidase

RAAC02144 SEQID NO: 1940 SEQID NO: 1939  Anti-sigma F factor antagonist

RAAC02146 SEQID NO: 1957 SEQIDNO: 1956  RNA polymerase sigma-F factor

RAAC02161 SEQID NO: 1974 SEQID NO: 1973  Transcriptional regulatory protein resD

RAAC02162 SEQID NO: 1991 SEQIDNO:1990  Sensor protein resE

RAAC02391 SEQ ID NO: 2008 SEQID NO: 2007  Phosphate regulon sensor protein phoR

RAAC02417 SEQ ID NO: 2025 SEQID NO:2024  Transcriptional regulator, Cro/CI family

RAAC02421 SEQID NO: 2042 SEQID NO: 2041  Glycosyltransferase
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TABLE 1-continued

Alicyclobacillus acidocaldarius genes related to transcription and transcriptional regulation

Reference Gene Sequence Protein Sequence Function

RAAC02426 SEQ ID NO: 2059 SEQID NO:2058  Pyruvate dehydrogenase (acetyl-
transferring)

RAAC02427 SEQ ID NO: 2076 SEQID NO:2075  Pyruvate dehydrogenase (acetyl-
transferring)

RAAC02428 SEQ ID NO: 2093 SEQID NO:2092  Dihydrolipoyllysine-residue
acetyltransferase

RAAC02432 SEQID NO: 2110 SEQIDNO: 2109  Transcriptional regulator, IcIR family

RAAC02439 SEQIDNO: 2127 SEQIDNO:2126  Sigma-54-dependent transcriptional
activator

RAAC02454 SEQID NO: 2144 SEQID NO: 2143  Prespore specific transcriptional activator
rsfA

RAAC02459 SEQIDNO: 2161 SEQIDNO:2160  Transcriptional regulator, GntR family

RAACO02164  SEQID NO: 2178 SEQIDNO: 2177  SIR2 family protein

RAAC02466 SEQID NO: 2195 SEQIDNO:2194  Catabolite repression protein crh

RAAC02474 SEQID NO: 2212 SEQIDNO:2211  Hpr (ser) Kinase/Phosphatase

RAAC02507 SEQID NO: 2229 SEQIDNO:2228  Two component system histidine kinase

RAAC02508 SEQID NO: 2246 SEQID NO:2245  Two-component response regulator

RAAC02546 SEQID NO: 2263 SEQIDNO:2262  RNA polymerase sigma-H factor

RAAC02589 SEQID NO: 2280 SEQIDNO:2279  DNA-binding protein HU

RAAC02603 SEQ ID NO: 2297 SEQID NO:2296  Transcription state regulatory protein abrB

RAAC02632 SEQID NO: 2314 SEQIDNO:2313  Hpr (ser) Kinase/Phosphatase

RAAC02663 SEQID NO: 2331 SEQIDNO:2330  Transcriptional regulator, GntR family

RAAC02671 SEQ ID NO: 2348 SEQID NO: 2347  Transcriptional regulator, MerR family

RAAC02211 SEQID NO: 2365 SEQID NO:2364  Two component system histidine kinase

RAAC02673 SEQID NO: 2382 SEQIDNO:2381  Glycerol uptake operon antiterminator
regulatory protein

RAAC02678 SEQ ID NO: 2399 SEQIDNO:2398  Two component system histidine kinase

RAAC02712 SEQID NO: 2416 SEQIDNO: 2415  Transcriptional regulator, TetR family

RAAC02227 SEQID NO: 2518 SEQIDNO: 2517  Serine-type D-Ala-D-Ala carboxypeptidase

RAAC02876 SEQ ID NO: 2535 SEQID NO: 2534  Chemotaxis protein cheY

RAAC02885 SEQ ID NO: 2552 SEQIDNO: 2551  Chemotaxis protein cheA

RAAC02902 SEQ ID NO: 2569 SEQID NO: 2568 N utilization substance protein A

RAAC02968 SEQ ID NO: 2603 SEQID NO:2602  RNA polymerase sigma-H factor

RAAC02984 SEQID NO: 2620 SEQID NO: 2619  Arginine utilization regulatory protein rocR

RAAC02994 SEQ ID NO: 2637 SEQIDNO: 2636  Arginine utilization regulatory protein rocR

RAAC03005 SEQ ID NO: 2654 SEQID NO: 2653  Transcriptional regulator, GntR family

RAAC02241 SEQID NO: 2671 SEQIDNO: 2670  Transcriptional regulator, MarR family

RAAC03015 SEQ ID NO: 2688 SEQID NO: 2687  Serine-type D-Ala-D-Ala carboxypeptidase

RAAC03031 SEQID NO: 2705 SEQID NO:2704  Two-component response regulator

RAAC03156 SEQID NO: 2722 SEQIDNO:2721  Transcriptional regulator, ArsR family

RAAC03180 SEQID NO: 2739 SEQIDNO:2738  Transcriptional regulator, Cro/CI family

RAAC03184 SEQ ID NO: 2756 SEQIDNO: 2755  Transcriptional regulator

RAAC03236 SEQID NO: 2773 SEQIDNO:2772  Transcription state regulatory protein abrB

RAAC02292 SEQ ID NO: 2790 SEQID NO: 2789  Transcriptional regulator

RAAC02315 SEQ ID NO: 2807 SEQID NO: 2806  Chromosome partitioning protein parA

RAAC02359 SEQ ID NO: 2824 SEQID NO:2823  DNA-binding protein HU

RAAC02381 SEQID NO: 2841 SEQID NO:2840  Glycosyltransferase

SEQ ID NO: 2857 Catabolite-responsive element
SEQ ID NO: 2858 Catabolite responsive element

RAAC02740 SEQ ID NO: 2860 SEQID NO: 2859  Transcriptional regulator

RAAC02761 SEQ ID NO: 2877 SEQID NO:2876  Sensor protein kdpD

RAAC02937 SEQ ID NO: 2894 SEQID NO: 2893  Transcriptional regulator

RAAC03013 SEQID NO: 2911 SEQIDNO:2910  Transporter, MMPL family

RAAC03263 SEQ ID NO: 2928 SEQID NO:2927  RNA polymerase sigma-H factor

The present invention relates to nucleotides sequences 2399,2416,2518,2535,2552,2569,2603,2620,2637,2654,
comprising isolated and/or purified nucleotide sequences of 2671,2688,2705,2722,2739,2756,2773,2790, 2807, 2824,
the genome of Alicyclobacillus acidocaldarius selected from 2841,2857,2858,2860,2877,2894,2911, and 2928 or one of
the sequences of SEQIDNOS: 2, 19,36, 53,70,87,104,121, 55 their fragments.

138, 155, 172, 189, 206, 223, 240, 257, 274, 291, 308, 325, The present invention likewise relates to isolated and/or
342, 359, 376, 393, 410, 427, 444, 461, 478, 495, 512, 529, purified nucleotide sequences, characterized in that they com-
546, 563, 580, 597, 614, 631, 648, 665, 682, 699, 716, 733, prise at least one of: a) a nucleotide sequence of at least one of
750, 767, 784, 801, 818, 835, 852, 869, 886, 903, 920, 937, the sequences of SEQIDNOS: 2, 19, 36, 53,70, 87,104, 121,
954, 971, 988, 1005, 1022, 1039, 1056, 1073, 1090, 1107, s0 138, 155, 172, 189, 206, 223, 240, 257, 274, 291, 308, 325,
1124,1141,1158,1175,1192,1294, 1311, 1328,1345, 1362, 342, 359, 376, 393, 410, 427, 444, 461, 478, 495, 512, 529,
1379, 1396, 1413,1430, 1447, 1464, 1481, 1498,1515, 1532, 546, 563, 580, 597, 614, 631, 648, 665, 682, 699, 716, 733,
1549, 1566, 1583,1600, 1617,1634, 1651, 1668,1685, 1702, 750, 767, 784, 801, 818, 835, 852, 869, 886, 903, 920, 937,
1719, 1736, 1753,1770,1787,1804, 1821, 1838, 1855, 1872, 954, 971, 988, 1005, 1022, 1039, 1056, 1073, 1090, 1107,
1889, 1906, 1923, 1940, 1957, 1974, 1991, 2008,2025,2042, 65 1124,1141,1158,1175,1192,1294,1311,1328,1345,1362,
2059, 2076,2093,2110,2127,2144,2161,2178,2195,2212, 1379,1396, 1413,1430, 1447, 1464, 1481, 1498,1515, 1532,
2229,2246,2263,2280,2297,2314, 2331, 2348,2365, 2382, 1549,1566, 1583,1600, 1617,1634,1651,1668,1685,1702,
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1719, 1736, 1753,1770,1787,1804, 1821, 1838, 1855, 1872,
1889, 1906, 1923, 1940, 1957, 1974, 1991, 2008, 2025, 2042,
2059,2076,2093,2110,2127,2144,2161,2178,2195,2212,
2229,2246,2263,2280,2297,2314,2331, 2348,2365, 2382,
2399,2416,2518,2535,2552,2569, 2603, 2620, 2637, 2654,
2671,2688,2705,2722,2739,2756,2773,2790,2807, 2824,
2841,2857,2858,2860,2877,2894,2911, and 2928 or one of
their fragments; b) a nucleotide sequence homologous to a
nucleotide sequence such as defined in a); ¢) a nucleotide
sequence complementary to a nucleotide sequence such as
defined in a) or b), and a nucleotide sequence of their corre-
sponding RNA; d) a nucleotide sequence capable of hybrid-
izing under stringent conditions with a sequence such as
defined in a), b) or ¢); e) a nucleotide sequence comprising a
sequence such as defined in a), b), ¢) or d); and f) a nucleotide
sequence modified by a nucleotide sequence such as defined
in a), b), ¢), d) or e).

Nucleotide, polynucleotide, or nucleic acid sequence will
be understood according to the present invention as meaning
both a double-stranded or single-stranded DNA in the mono-
meric and dimeric (so-called in tandem) forms and the tran-
scription products of the DNAs.

Aspects of the invention relate to nucleotide sequences in
which it has been possible to isolate, purify or partially purify,
starting from separation methods such as, for example, ion-
exchange chromatography, by exclusion based on molecular
size, or by affinity, or, alternatively, fractionation techniques
based on solubility in different solvents, or starting from
methods of genetic engineering such as amplification, clon-
ing, and subcloning, it being possible for the sequences of the
invention to be carried by vectors.

Isolated and/or purified nucleotide sequence fragment
according to the invention will be understood as designating
any nucleotide fragment of the genome of Alicyclobacillus
acidocaldarius, and may include, by way of non-limiting
example, a length of at least 8, 12, 20, 25, 50, 75, 100, 200,
300, 400, 500, 1000, or more, consecutive nucleotides of the
sequence from which it originates.

Specific fragment of an isolated and/or purified nucleotide
sequence according to the invention will be understood as
designating any nucleotide fragment of the genome of A/icy-
clobacillus acidocaldarius, having, after alignment and com-
parison with the corresponding fragments of genomic
sequences of Alicyclobacillus acidocaldarius, at least one
nucleotide or base of different nature.

Homologous isolated and/or purified nucleotide sequence
in the sense of the present invention is understood as meaning
an isolated and/or purified nucleotide sequence having at
least a percentage identity with the bases of a nucleotide
sequence according to the invention of at least about 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5%,
99.6%, or 99.7%, this percentage being purely statistical and
it being possible to distribute the differences between the two
nucleotide sequences at random and over the whole of their
length.

Specific homologous nucleotide sequence in the sense of
the present invention is understood as meaning a homologous
nucleotide sequence having at least one nucleotide sequence
of a specific fragment, such as defined above. The “specific”
homologous sequences can comprise, for example, the
sequences corresponding to the genomic sequence or to the
sequences of its fragments representative of variants of the
genome of Alicyclobacillus acidocaldarius. These specific
homologous sequences can thus correspond to variations
linked to mutations within strains of Alicyclobacillus aci-
docaldarius, and especially correspond to truncations, sub-
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stitutions, deletions and/or additions of at least one nucle-
otide. The homologous sequences can likewise correspond to
variations linked to the degeneracy of the genetic code.

The term “degree or percentage of sequence homology”
refers to “degree or percentage of sequence identity between
two sequences after optimal alignment” as defined in the
present application.

Two amino-acids or nucleotidic sequences are said to be
“identical” if the sequence of amino-acids or nucleotidic resi-
dues, in the two sequences is the same when aligned for
maximum correspondence as described below. Sequence
comparisons between two (or more) peptides or polynucle-
otides are typically performed by comparing sequences of
two optimally aligned sequences over a segment or “compari-
son window” to identify and compare local regions of
sequence similarity. Optimal alignment of sequences for
comparison may be conducted by the local homology algo-
rithm of Smith and Waterman, Ad. App. Math 2:482 (1981),
by the homology alignment algorithm of Neddleman and
Wunsch, J. Mol. Biol. 48:443 (1970), by the search for simi-
larity method of Pearson and Lipman, Proc. Natl. Acad. Sci.
(U.S.A.) 85:2444 (1988), by computerized implementation
of these algorithms (GAP, BESTFIT, FASTA, and TFASTA
in the Wisconsin Genetics Software Package, Genetics Com-
puter Group (GCG), 575 Science Dr., Madison, Wis.), or by
visual inspection.

“Percentage of sequence identity” (or degree of identity) is
determined by comparing two optimally aligned sequences
over a comparison window, where the portion of the peptide
or polynucleotide sequence in the comparison window may
comprise additions or deletions (i.e., gaps) as compared to the
reference sequence (which does not comprise additions or
deletions) for optimal alignment of the two sequences. The
percentage is calculated by determining the number of posi-
tions at which the identical amino-acid residue or nucleic acid
base occurs in both sequences to yield the number of matched
positions, dividing the number of matched positions by the
total number of positions in the window of comparison and
multiplying the result by 100 to yield the percentage of
sequence identity.

The definition of sequence identity given above is the defi-
nition that would be used by one of skill in the art. The
definition by itself does not need the help of any algorithm,
the algorithms being helpful only to achieve the optimal
alignments of sequences, rather than the calculation of
sequence identity.

From the definition given above, it follows that there is a
well-defined and only one value for the sequence identity
between two compared sequences, which value corresponds
to the value obtained for the best or optimal alignment.

In the BLAST N or BLAST P “BLAST 2 sequence” soft-
ware, which is available at the web site ncbi.nlm.nih.gov/
gorf/bl2.html, and habitually used by the inventors and in
general by the skilled person for comparing and determining
the identity between two sequences, gap cost which depends
on the sequence length to be compared is directly selected by
the software (i.e., 11.2 for substitution matrix BLOSUM-62
for length>85).

Complementary nucleotide sequence of a sequence of the
invention is understood as meaning any DNA whose nucle-
otides are complementary to those of the sequence of the
invention, and whose orientation is reversed (antisense
sequence).

Hybridization under conditions of stringency with a nucle-
otide sequence according to the invention is understood as
meaning hybridization under conditions of temperature and
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ionic strength chosen in such a way that they allow the main-
tenance of the hybridization between two fragments of
complementary DNA.

By way of illustration, conditions of great stringency of the
hybridization step with the aim of defining the nucleotide
fragments described above are advantageously the following.

The hybridization is carried out at a preferential tempera-
ture of 65° C. in the presence of SSC buffer, 1xSSC corre-
sponding to 0.15 M NaCl and 0.05 M Na citrate. The washing
steps, for example, can be the following: 2xSSC, at ambient
temperature followed by two washes with 2xSSC, 0.5% SDS
at 65° C.; 2x0.5xSSC, 0.5% SDS; at 65° C. for 10 minutes
each.

The conditions of intermediate stringency, using, for
example, a temperature of 42° C. in the presence of a 2xSSC
buffer, or of less stringency, for example, a temperature of 37°
C. in the presence of a 2xSSC bufter, respectively require a
globally less significant complementarity for the hybridiza-
tion between the two sequences.

The stringent hybridization conditions described above for
a polynucleotide with a size of approximately 350 bases will
be adapted by a person skilled in the art for oligonucleotides
of greater or smaller size, according to the teachings of Sam-
brook et al., 1989.

Among the isolated and/or purified nucleotide sequences
according to the invention, are those that can be used as a
primer or probe in methods allowing the homologous
sequences according to the invention to be obtained, these
methods, such as the polymerase chain reaction (PCR),
nucleic acid cloning, and sequencing, being well known to a
person skilled in the art.

Among the isolated and/or purified nucleotide sequences
according to the invention, those are again preferred that can
be used as a primer or probe in methods allowing the presence
of SEQIDNOS: 2,19, 36,53,70, 87,104,121, 138,155,172,
189, 206, 223, 240, 257, 274, 291, 308, 325, 342, 359, 376,
393, 410, 427, 444, 461, 478, 495, 512, 529, 546, 563, 580,
597, 614, 631, 648, 665, 682, 699, 716, 733, 750, 767, 784,
801, 818, 835, 852, 869, 886, 903, 920, 937, 954, 971, 988,
1005, 1022, 1039, 1056, 1073, 1090, 1107, 1124,1141, 1158,
1175,1192,1294,1311, 1328, 1345, 1362, 1379, 1396, 1413,
1430, 1447, 1464, 1481, 1498, 1515, 1532, 1549, 1566, 1583,
1600, 1617, 1634, 1651, 1668, 1685, 1702, 1719, 1736, 1753,
1770, 1787, 1804, 1821, 1838, 1855, 1872, 1889, 1906, 1923,
1940, 1957, 1974, 1991, 2008, 2025, 2042, 2059, 2076, 2093,
2110,2127,2144,2161,2178,2195,2212,2229,2246, 2263,
2280,2297,2314,2331,2348,2365,2382,2399,2416, 2518,
2535,2552,2569,2603,2620,2637,2654,2671,2688, 2705,
2722,2739,2756,2773,2790,2807, 2824, 2841, 2857, 2858,
2860, 2877, 2894, 2911, and 2928, one of their fragments, or
one of their variants such as defined below to be diagnosed.

The nucleotide sequence fragments according to the inven-
tion can be obtained, for example, by specific amplification,
such as PCR, or after digestion with appropriate restriction
enzymes of nucleotide sequences according to the invention,
these methods in particular being described in the work of
Sambrook et al., 1989. Such representative fragments can
likewise be obtained by chemical synthesis according to
methods well known to persons of ordinary skill in the art.

Modified nucleotide sequence will be understood as mean-
ing any nucleotide sequence obtained by mutagenesis accord-
ing to techniques well known to a person skilled in the art, and
containing modifications with respect to the normal
sequences according to the invention, for example, mutations
in the regulatory and/or promoter sequences of polypeptide
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expression, especially leading to a modification of the rate of
expression of the polypeptide or to a modulation of the rep-
licative cycle.

Modified nucleotide sequence will likewise be understood
as meaning any nucleotide sequence coding for a modified
polypeptide, such as defined below.

The present invention relates to nucleotide sequence com-
prising isolated and/or purified nucleotide sequences of A/i-
cyclobacillus acidocaldarius, characterized in that they are
selected from the sequences SEQ ID NOS: 2, 19, 36, 53, 70,
87, 104, 121, 138, 155, 172, 189, 206, 223, 240, 257, 274,
291, 308, 325, 342, 359, 376, 393, 410, 427, 444, 461, 478,
495, 512, 529, 546, 563, 580, 597, 614, 631, 648, 665, 682,
699, 716, 733, 750, 767, 784, 801, 818, 835, 852, 869, 886,
903, 920, 937, 954, 971, 988, 1005, 1022, 1039, 1056, 1073,
1090,1107,1124,1141,1158,1175,1192,1294,1311, 1328,
1345,1362, 1379, 1396, 1413, 1430, 1447, 1464, 1481, 1498,
1515,1532,1549, 1566, 1583,1600, 1617, 1634,1651, 1668,
1685,1702,1719,1736,1753,1770, 1787, 1804, 1821, 1838,
1855,1872, 1889, 1906, 1923, 1940, 1957, 1974, 1991, 2008,
2025,2042,2059,2076,2093,2110,2127,2144,2161,2178,
2195,2212,2229,2246,2263,2280,2297,2314,2331, 2348,
2365,2382,2399,2416,2518,2535,2552,2569, 2603, 2620,
2637,2654,2671,2688,2705,2722,2739, 2756,2773, 2790,
2807, 2824, 2841, 2857, 2858, 2860, 2877, 2894, 2911, and
2928 or one of their fragments.

Embodiments of the invention likewise relate to isolated
and/or purified nucleotide sequences characterized in that
they comprise a nucleotide sequence selected from: a) at least
one of a nucleotide sequence of SEQ ID NOS: 2, 19, 36, 53,
70,87,104,121, 138,155,172, 189, 206, 223, 240, 257, 274,
291, 308, 325, 342, 359, 376, 393, 410, 427, 444, 461, 478,
495, 512, 529, 546, 563, 580, 597, 614, 631, 648, 665, 682,
699, 716, 733, 750, 767, 784, 801, 818, 835, 852, 869, 886,
903, 920, 937, 954, 971, 988, 1005, 1022, 1039, 1056, 1073,
1090,1107,1124,1141,1158,1175,1192,1294,1311, 1328,
1345,1362, 1379, 1396, 1413, 1430, 1447, 1464, 1481, 1498,
1515,1532,1549, 1566, 1583,1600, 1617, 1634,1651, 1668,
1685,1702,1719,1736,1753,1770, 1787, 1804, 1821, 1838,
1855,1872, 1889, 1906, 1923, 1940, 1957, 1974, 1991, 2008,
2025,2042,2059,2076,2093,2110,2127,2144,2161,2178,
2195,2212,2229,2246,2263,2280,2297,2314,2331, 2348,
2365,2382,2399,2416,2518,2535,2552,2569, 2603, 2620,
2637,2654,2671,2688,2705,2722,2739, 2756,2773, 2790,
2807, 2824, 2841, 2857, 2858, 2860, 2877, 2894, 2911, and
2928 or one of their fragments; b) a nucleotide sequence of a
specific fragment of a sequence such as defined in a); ¢) a
homologous nucleotide sequence having at least 80% identity
with a sequence such as defined in a) or b); d) a complemen-
tary nucleotide sequence or sequence of RNA corresponding
to asequence suchas definedina), b) or ¢); and e) anucleotide
sequence modified by a sequence such as defined in a), b), ¢)
ord).

Among the isolated and/or purified nucleotide sequences
according to the invention are the nucleotide sequences of
SEQ ID NOS: 13-17, 30-34, 47-51, 64-68, 81-85, 98-102,
115-119, 132-136, 149-153, 166-170, 183-187, 200-204,
217-221, 234-238, 251-255, 268-272, 285-289, 302-306,
319-323, 336-340, 353-357, 370-374, 387-391, 404-408,
421-425, 438-442, 455-459, 472-476, 489-493, 506-510,
523-527, 540-544, 557-561, 574-578, 591-595, 608-612,
625-629, 642-646, 659-663, 676-680, 693-697, 710-714,
727-731, 744-748, 761-765, 778-782, 795-799, 812-816,
829-833, 846-850, 863-867, 880-884, 897-901, 914-918,
931-935, 948-952, 965-969, 982-986, 999-1003, 1016-1020,
1033-1037, 1050-1054, 1067-1071, 1084-1088, 1101-1105,
1118-1122, 1135-1139, 1152-1156, 1169-1173, 1186-1190,
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1203-1207, 1305-1309, 1322-1326, 1339-1343, 1356-1360,
1373-1377, 1390-1394, 1407-1411, 1424-1428, 1441-1445,
1458-1462, 1475-1479, 1492-1496, 1509-1513, 1526-1530,
1543-1547, 1560-1564, 1577-1581, 1594-1598, 1611-1615,
1628-1632, 1645-1649, 1662-1666, 1679-1683, 1696-1700,
1713-1717, 1730-1734, 1747-1751, 1764-1768, 1781-1785,
1798-1802, 1815-1819, 1832-1836, 1849-1853, 1866-1870,
1883-1887, 1900-1904, 1917-1921, 1934-1938, 1951-1955,
1968-1972, 1985-1989, 2002-2006, 2019-2023, 2036-2040,
2053-2057, 2070-2074, 2087-2091, 2104-2108, 2121-2125,
2138-2142, 2155-2159, 2172-2176, 2189-2193, 2206-2210,
2223-2227, 2240-2244, 2257-2261, 2274-2278, 2291-2295,
2308-2312, 2325-2329, 2342-2346, 2359-2363, 2376-2380,
2393-2397, 2410-2414, 2427-2431, 2529-2533, 2546-2550,
2563-2567, 2580-2584, 2614-2618, 2631-2635, 2648-2652,
2665-2669, 2682-2686, 2699-2703, 2716-2720, 2733-2737,
2750-2754, 2767-2771, 2784-2788, 2801-2805, 2818-2822,
2835-2839, 2852-2856, 2878-2882, 2888-2892, 2905-2909,
2922-2926, and 2939-2943, or fragments thereof and any
isolated and/or purified nucleotide sequences which have a
homology of at least 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, 99.5%, 99.6%, or 99.7% identity with the at
least one of the sequences of SEQ ID NOS: 2, 19, 36, 53, 70,
87, 104, 121, 138, 155, 172, 189, 206, 223, 240, 257, 274,
291, 308, 325, 342, 359, 376, 393, 410, 427, 444, 461, 478,
495, 512, 529, 546, 563, 580, 597, 614, 631, 648, 665, 682,
699, 716, 733,750, 767, 784, 801, 818, 835, 852, 869, 886,
903, 920, 937, 954, 971, 988, 1005, 1022, 1039, 1056, 1073,
1090,1107,1124,1141,1158,1175,1192,1294,1311, 1328,
1345,1362, 1379, 1396, 1413, 1430, 1447, 1464, 1481, 1498,
1515,1532,1549, 1566, 1583,1600, 1617, 1634, 1651, 1668,
1685,1702,1719,1736,1753,1770, 1787, 1804, 1821, 1838,
1855, 1872, 1889, 1906, 1923, 1940, 1957, 1974, 1991, 2008,
2025,2042,2059,2076,2093,2110,2127,2144,2161, 2178,
2195,2212,2229,2246,2263,2280,2297,2314,2331, 2348,
2365,2382,2399,2416,2518,2535,2552,2569, 2603, 2620,
2637,2654,2671,2688,2705,2722,2739,2756,2773, 2790,
2807, 2824, 2841, 2857, 2858, 2860, 2877, 2894, 2911, and
2928 or fragments thereof. The homologous sequences can
comprise, for example, the sequences corresponding to the
genomic sequences Alicyclobacillus acidocaldarius. In the
same manner, these specific homologous sequences can cor-
respond to variations linked to mutations within strains of
Alicyclobacillus acidocaldarius and especially correspond to
truncations, substitutions, deletions and/or additions of at
least one nucleotide. As will be apparent to one of ordinary
skill in the art, such homologues are easily created and iden-
tified using standard techniques and publicly available com-
puter programs such as BLAST. As such, each homologue
referenced above should be considered as set forth herein and
fully described.

Embodiments of the invention comprise the isolated and/or
purified polypeptides coded for by a nucleotide sequence
according to the invention, or fragments thereof, whose
sequence is represented by a fragment. Amino acid sequences
corresponding to the isolated and/or purified polypeptides
which can be coded for according to one of the three possible
reading frames of at least one of the sequences of SEQ ID
NOS: 2, 19,36, 53,70,87,104, 121, 138, 155, 172, 189, 206,
223, 240, 257, 274, 291, 308, 325, 342, 359, 376, 393, 410,
427, 444, 461, 478, 495, 512, 529, 546, 563, 580, 597, 614,
631, 648, 665, 682, 699, 716, 733, 750, 767, 784, 801, 818,
835,852, 869, 886, 903, 920, 937,954,971, 988, 1005, 1022,
1039, 1056, 1073,1090,1107,1124,1141,1158,1175,1192,
1294,1311, 1328, 1345, 1362, 1379, 1396, 1413, 1430, 1447,
1464, 1481, 1498, 1515,1532,1549, 1566, 1583, 1600, 1617,
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1634,1651, 1668, 1685, 1702,1719,1736,1753,1770, 1787,
1804,1821, 1838, 1855, 1872, 1889, 1906, 1923, 1940, 1957,
1974,1991, 2008, 2025, 2042, 2059, 2076, 2093,2110, 2127,
2144,2161,2178,2195,2212,2229,2246,2263,2280, 2297,
2314,2331,2348,2365,2382,2399,2416,2518,2535, 2552,
2569,2603,2620,2637,2654,2671,2688, 2705,2722, 2739,
2756,2773,2790,2807,2824,2841,2857, 2858, 2860, 2877,
2894,2911, and 2928.

Embodiments of the invention likewise relate to the iso-
lated and/or purified polypeptides, characterized in that they
comprise a polypeptide selected from at least one of the
amino acid sequences of SEQ ID NOS: 1, 18, 35, 52, 69, 86,
103, 120, 137, 154, 171, 188, 205, 222, 239, 256, 273, 290,
307, 324, 341, 358, 375, 392; 409, 426, 443, 460, 477, 494,
511, 528, 545, 562, 579, 596, 613, 630, 647, 664, 681, 698,
715,732,749, 766, 783, 800, 817, 834, 851, 868, 885, 902,
819, 936,953,970, 987, 1004, 1021, 1038, 1055, 1072, 1089,
1106,1123,1140,1157,1174,1191,1293,1310, 1327, 1344,
1361,1378, 1395, 1412, 1429, 1446, 1463, 1480, 1497, 1514,
1531,1548,1565,1582,1599, 1616, 1633, 1650, 1667, 1684,
1701,1718,1735,1752,1769, 1786, 1803, 1820, 1837, 1854,
1871, 1888, 1905, 1922, 1939, 1956, 1973, 1990, 2007, 2024,
2041,2058,2075,2092,2109,2126,2143,2160,2177,2194,
2211,2228,2245,2262,2279,2296,2313,2330,2347, 2364,
2381,2398,2415,2517,2534,2551,2568,2602,2619, 2636,
2653,2670,2687,2704,2721,2738,2755,2772,2789, 2806,
2823,2840, 2859, 2876, 2893, 2910, and 2927 or one of their
fragments.

Among the isolated and/or purified polypeptides, accord-
ing to embodiments of the invention, are the isolated and/or
purified polypeptides of amino acid sequence SEQ ID NOS:
8-12, 25-29, 42-46, 59-63, 76-80, 93-97, 110-114, 127-131,
144-148, 161-165, 178-182, 195-199, 212-216, 229-233,
246-250, 263-267, 280-284, 297-301, 314-318, 331-335,
348-352, 365-369, 382-386, 399-403, 416-420, 433-437,
450-454, 467-471, 484-488, 501-505, 518-522, 535-539,
552-556, 569-573, 586-590, 603-607, 620-624, 637-641,
654-658, 671-675, 688-692, 705-709, 722-726, 739-743,
756-760, 773-777, 790-794, 807-811, 824-828, 841-845,
858-862, 875-879, 892-896, 909-913, 926-930, 943-947,
960-964, 977-981, 994-998, 1011-1015, 1028-1032, 1045-
1049, 1062-1066, 1079-1083, 1096-1100, 1113-1117, 1130-
1134, 1147-1151, 1164-1168, 1181-1185, 1198-1202, 1300-
1304, 1317-1321, 1334-1338, 1351-1355, 1368-1372, 1385-
1389, 1402-1406, 1419-1423, 1436-1440, 1453-1457, 1470-
1474, 1487-1491, 1504-1508, 1521-1525, 1538-1542, 1555-
1559, 1572-1576, 1589-1593, 1606-1610, 1623-1627, 1640-
1644, 1657-1661, 1674-1678, 1691-1695, 1708-1712, 1725-
1729, 1742-1746, 1759-1763, 1776-1780, 1793-1797, 1810-
1814, 1827-1831, 1844-1848, 1861-1865, 1878-1882, 1895-
1899, 1912-1916, 1929-1933, 1946-1950, 1963-1967, 1980-
1984, 1997-2001, 2014-2018, 2031-2035, 2048-2052, 2065-
2069, 2082-2086, 2099-2103, 2116-2120, 2133-2137, 2150-
2154,2167-2171, 2184-2188, 2201-2205, 2218-2222, 2235-
2239,2252-2256, 2269-2273, 2286-2290, 2303-2307, 2320-
2324,2337-2341, 2354-2358, 2371-2375, 2388-2392, 2405-
2409, 2422-2426, 2524-2528, 2541-2545, 2558-2562, 2575-
2579,2609-2613, 2626-2630, 2643-2647, 2660-2664, 2677-
2681,2694-2698, 2711-2715, 2728-2732, 2745-2749, 2762-
2766, 2779-2783, 2796-2800, 2813-2817, 2830-2834, 2847-
2851, 2866-2870, 2883-2887, 2900-2914, 2917-2921, and
2934-2938, or fragments thereof or any other isolated and/or
purified polypeptides which have ahomology of at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5%,
99.6%, or 99.7% identity with at least one of the sequences of
SEQID NOS: 1, 18, 35, 52, 69, 86, 103, 120, 137, 154, 171,
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188, 205, 222, 239, 256, 273, 290, 307, 324, 341, 358, 375,
392, 409, 426, 443, 460, 477, 494, 511, 528, 545, 562, 579,
596, 613, 630, 647, 664, 681, 698, 715, 732, 749, 766, 783,
800, 817, 834, 851, 868, 885, 902, 819, 936, 953, 970, 987,
1004, 1021, 1038, 1055, 1072,1089, 1106, 1123,1140, 1157,
1174,1191,1293,1310, 1327, 1344, 1361, 1378, 1395, 1412,
1429, 1446, 1463, 1480, 1497,1514, 1531, 1548, 1565, 1582,
1599, 1616, 1633, 1650, 1667, 1684, 1701, 1718, 1735, 1752,
1769, 1786, 1803, 1820, 1837, 1854, 1871, 1888, 1905, 1922,
1939, 1956, 1973, 1990, 2007, 2024, 2041, 2058, 2075, 2092,
2109,2126,2143,2160,2177,2194,2211,2228,2245,2262,
2279,2296,2313,2330,2347,2364,2381,2398,2415, 2517,
2534,2551,2568,2602,2619,2636,2653,2670,2687,2704,
2721,2738,2755,2772,2789, 2806, 2823, 2840, 2859, 2876,
2893,2910, and 2927 or fragments thereof. As will be appar-
ent to one of ordinary skill in the art, such homologues are
easily created and identified using standard techniques and
publicly available computer programs such as BLAST. As
such, each homologue referenced above should be considered
as set forth herein and fully described.

Embodiments of the invention also relate to the polypep-
tides, characterized in that they comprise a polypeptide
selected from: a) a specific fragment of at least 5 amino acids
of'a polypeptide of an amino acid sequence according to the
invention; b) a polypeptide homologous to a polypeptide such
as defined in a); ¢) a specific biologically active fragment of a
polypeptide such as defined in a) or b); and d) a polypeptide
modified by a polypeptide such as defined in a), b) or ¢).

In the present description, the terms polypeptide, peptide
and protein are interchangeable.

In embodiments of the invention, the isolated and/or puri-
fied polypeptides according to the invention may be glycosy-
lated, pegylated, and/or otherwise post-translationally modi-
fied. In further embodiments, glycosylation, pegylation, and/
or other post-translational modifications may occur in vivo or
in vitro and/or may be performed using chemical techniques.
In additional embodiments, any glycosylation, pegylation
and/or other post-translational modifications may be
N-linked or O-linked.

In embodiments of the invention any one of the isolated
and/or purified polypeptides according to the invention may
be enzymatically or functionally active at temperatures at or
above about 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85,
90, and/or 95 degrees Celsius and/or may be enzymatically or
functionally active at a pH at, below, and/or above 8, 7, 6, 5,
4,3, 2,1, and/or 0. In further embodiments of the invention,
glycosylation, pegylation, and/or other post-translational
modification may be required for the isolated and/or purified
polypeptides according to the invention to be enzymatically
or functionally active at a pH at or below 8, 7,6, 5,4,3,2, 1,
and/or O or at temperatures at or above about 25, 30, 35, 40,
45, 50, 55, 60, 65, 70, 75, 80, 85, 90, and/or 95 degrees
Celsius.

Aspects of the invention relate to polypeptides that are
isolated or obtained by purification from natural sources, or
else obtained by genetic recombination, or alternatively by
chemical synthesis and that they may thus contain unnatural
amino acids, as will be described below.

A “polypeptide fragment” according to the embodiments
of the invention is understood as designating a polypeptide
containing at least 5 consecutive amino acids, preferably 10
consecutive amino acids or 15 consecutive amino acids.

In the present invention, a specific polypeptide fragment is
understood as designating the consecutive polypeptide frag-
ment coded for by a specific fragment nucleotide sequence
according to the invention.

10

15

20

25

30

35

40

45

50

55

60

65

38

“Homologous polypeptide” will be understood as desig-
nating the polypeptides having, with respect to the natural
polypeptide, certain modifications such as, in particular, a
deletion, addition, or substitution of at least one amino acid, a
truncation, a prolongation, a chimeric fusion, and/or a muta-
tion. Among the homologous polypeptides, those are pre-
ferred whose amino acid sequence has at least 80% or 90%,
homology with the sequences of amino acids of polypeptides
according to the invention.

“Specific homologous polypeptide” will be understood as
designating the homologous polypeptides such as defined
above and having a specific fragment of polypeptide accord-
ing to the invention.

In the case of a substitution, one or more consecutive or
nonconsecutive amino acids are replaced by “equivalent”
amino acids. The expression “equivalent” amino acid is
directed here at designating any amino acid capable of being
substituted by one of the amino acids of the base structure
without, however, essentially modifying the biological activi-
ties of the corresponding peptides and such that they will be
defined by the following. As will be apparent to one of ordi-
nary skill in the art, such substitutions are easily created and
identified using standard molecular biology techniques and
publicly available computer programs such as BLAST. As
such, each substitution referenced above should be consid-
ered as set forth herein and fully described. Examples of such
substitutions in the amino acid sequences SEQ ID NOS: 1, 18,
35, 52, 69, 86, 103, 120, 137, 154, 171, 188, 205, 222, 239,
256, 273, 290, 307, 324, 341, 358, 375, 392, 409, 426, 443,
460, 477, 494, 511, 528, 545, 562, 579, 596, 613, 630, 647,
664, 681, 698, 715, 732, 749, 766, 783, 800, 817, 834, 851,
868, 885, 902, 819, 936, 953, 970, 987, 1004, 1021, 1038,
1055,1072,1089,1106,1123,1140,1157,1174,1191, 1293,
1310,1327,1344, 1361, 1378, 1395, 1412, 1429, 1446, 1463,
1480,1497,1514,1531,1548,1565,1582,1599, 1616, 1633,
1650,1667,1684,1701,1718,1735,1752,1769, 1786, 1803,
1820,1837, 1854, 1871, 1888, 1905, 1922, 1939, 1956, 1973,
1990,2007, 2024, 2041, 2058, 2075,2092, 2109, 2126, 2143,
2160,2177,2194,2211,2228,2245,2262,2279,2296,2313,
2330,2347,2364,2381,2398,2415,2517,2534,2551, 2568,
2602,2619,2636,2653,2670,2687,2704,2721,2738, 2755,
2772, 2789, 2806, 2823, 2840, 2859, 2876, 2893, 2910, and
2927 may include those isolated and/or purified polypeptides
of amino acid sequence SEQ ID NOS: 8-12, 25-29, 42-46,
59-63, 76-80, 93-97, 110-114, 127-131, 144-148, 161-165,
178-182, 195-199, 212-216, 229-233, 246-250, 263-267,
280-284, 297-301, 314-318, 331-335, 348-352, 365-369,
382-386, 399-403, 416-420, 433-437, 450-454, 467-471,
484-488, 501-505, 518-522, 535-539, 552-556, 569-573,
586-590, 603-607, 620-624, 637-641, 654-658, 671-675,
688-692, 705-709, 722-726, 739-743, 756-760, 773-777,
790-794, 807-811, 824-828, 841-845, 858-862, 875-879,
892-896, 909-913, 926-930, 943-947, 960-964, 977-981,
994-998, 1011-1015, 1028-1032, 1045-1049, 1062-1066,
1079-1083, 1096-1100, 1113-1117, 1130-1134, 1147-1151,
1164-1168, 1181-1185, 1198-1202, 1300-1304, 1317-1321,
1334-1338, 1351-1355, 1368-1372, 1385-1389, 1402-1406,
1419-1423, 1436-1440, 1453-1457, 1470-1474, 1487-1491,
1504-1508, 1521-1525, 1538-1542, 1555-1559, 1572-1576,
1589-1593, 1606-1610, 1623-1627, 1640-1644, 1657-1661,
1674-1678, 1691-1695, 1708-1712, 1725-1729, 1742-1746,
1759-1763, 1776-1780, 1793-1797, 1810-1814, 1827-1831,
1844-1848, 1861-1865, 1878-1882, 1895-1899, 1912-1916,
1929-1933, 1946-1950, 1963-1967, 1980-1984, 1997-2001,
2014-2018, 2031-2035, 2048-2052, 2065-2069, 2082-2086,
2099-2103, 2116-2120, 2133-2137, 2150-2154, 2167-2171,
2184-2188, 2201-2205, 2218-2222, 2235-2239, 2252-2256,
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2269-2273, 2286-2290, 2303-2307, 2320-2324, 2337-2341,
2354-2358, 2371-2375, 2388-2392, 2405-2409, 2422-2426,
2524-2528, 2541-2545, 2558-2562, 2575-2579, 2609-2613,
2626-2630, 2643-2647, 2660-2664, 2677-2681, 2694-2698,
2711-2715, 2728-2732, 2745-2749, 2762-2766, 2779-2783,
2796-2800, 2813-2817, 2830-2834, 2847-2851, 2866-2870,
2883-2887, 2900-2914, 2917-2921, and 2934-2938.

These equivalent amino acids can be determined either by
depending on their structural homology with the amino acids,
which they substitute, or on results of comparative tests of
biological activity between the different polypeptides, which
are capable of being carried out.

By way of non-limiting example, the possibilities of sub-
stitutions capable of being carried out without resulting in an
extensive modification of the biological activity of the corre-
sponding modified polypeptides will be mentioned, the
replacement, for example, of leucine by valine or isoleucine,
of aspartic acid by glutamic acid, of glutamine by asparagine,
of arginine by lysine, etc., the reverse substitutions naturally
being envisageable under the same conditions.

In a further embodiment, substitutions are limited to sub-
stitutions in amino acids not conserved among other proteins
which have similar identified activity. For example, one of
ordinary skill in the art may align proteins of the same func-
tion in similar organisms and determine which amino acids
are generally conserved among proteins of that function. One
example of a program that may be used to generate such
alignments is available at the website charite.de/bioint/strap
in conjunction with the databases provided by the NCBI.
Examples of such polypeptides may include, but are not lim-
ited to, those found in amino acid sequence SEQ ID NOS:
8-12, 25-29, 42-46, 59-63, 76-80, 93-97, 110-114, 127-131,
144-148, 161-165, 178-182, 195-199, 212-216, 229-233,
246-250, 263-267, 280-284, 297-301, 314-318, 331-335,
348-352, 365-369, 382-386, 399-403, 416-420, 433-437,
450-454, 467-471, 484-488, 501-505, 518-522, 535-539,
552-556, 569-573, 586-590, 603-607, 620-624, 637-641,
654-658, 671-675, 688-692, 705-709, 722-726, 739-743,
756-760, 773-777, 790-794, 807-811, 824-828, 841-845,
858-862, 875-879, 892-896, 909-913, 926-930, 943-947,
960-964, 977-981, 994-998, 1011-1015, 1028-1032, 1045-
1049, 1062-1066, 1079-1083, 1096-1100, 1113-1117, 1130-
1134, 1147-1151,1164-1168, 1181-1185, 1198-1202, 1300-
1304, 1317-1321, 1334-1338, 1351-1355, 1368-1372, 1385-
1389, 1402-1406, 1419-1423, 1436-1440, 1453-1457, 1470-
1474, 1487-1491, 1504-1508, 1521-1525, 1538-1542, 1555-
1559, 1572-1576, 1589-1593, 1606-1610, 1623-1627, 1640-
1644, 1657-1661, 1674-1678, 1691-1695, 1708-1712, 1725-
1729, 1742-1746, 1759-1763, 1776-1780, 1793-1797, 1810-
1814, 1827-1831, 1844-1848, 1861-1865, 1878-1882, 1895-
1899, 1912-1916, 1929-1933, 1946-1950, 1963-1967, 1980-
1984, 1997-2001, 2014-2018, 2031-2035, 2048-2052, 2065-
2069, 2082-2086, 2099-2103, 2116-2120, 2133-2137, 2150-
2154,2167-2171,2184-2188, 2201-2205, 2218-2222, 2235-
2239,2252-2256,2269-2273, 2286-2290, 2303-2307, 2320-
2324,2337-2341,2354-2358, 2371-2375, 2388-2392, 2405-
2409, 2422-2426,2524-2528, 2541-2545, 2558-2562, 2575-
2579,2609-2613, 2626-2630, 2643-2647, 2660-2664, 2677-
2681,2694-2698, 2711-2715, 2728-2732, 2745-2749, 2762-
2766, 2779-2783, 2796-2800, 2813-2817, 2830-2834, 2847-
2851, 2866-2870, 2883-2887, 2900-2914, 2917-2921, and
2934-2938.

Thus, according to one embodiment of the invention, sub-
stitutions or mutations may be made at positions that are
generally conserved among proteins of that function. In a
further embodiment, nucleic acid sequences may be mutated
or substituted such that the amino acid they code for is
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unchanged (degenerate substitutions and/or mutations) and/
or mutated or substituted such that any resulting amino acid
substitutions or mutations are made at positions that are gen-
erally conserved among proteins of that function. Examples
of such nucleic acid sequences may include, but are not lim-
ited to, those found in are the nucleotide sequences of SEQ ID
NOS: 13-17, 30-34, 47-51, 64-68, 81-85, 98-102, 115-119,
132-136, 149-153, 166-170, 183-187, 200-204, 217-221,
234-238, 251-255, 268-272, 285-289, 302-306, 319-323,
336-340, 353-357, 370-374, 387-391, 404-408, 421-425,
438-442, 455-459, 472-476, 489-493, 506-510, 523-527,
540-544, 557-561, 574-578, 591-595, 608-612, 625-629,
642-646, 659-663, 676-680, 693-697, 710-714, 727-731,
744-748, 761-765, 778-782, 795-799, 812-816, 829-833,
846-850, 863-867, 880-884, 897-901, 914-918, 931-935,
948-952, 965-969, 982-986, 999-1003, 1016-1020, 1033-
1037, 1050-1054, 1067-1071, 1084-1088, 1101-1105, 1118-
1122, 1135-1139, 1152-1156, 1169-1173, 1186-1190, 1203-
1207, 1305-1309, 1322-1326, 1339-1343, 1356-1360, 1373-
1377,1390-1394, 1407-1411, 1424-1428, 1441-1445, 1458-
1462, 1475-1479, 1492-1496, 1509-1513, 1526-1530, 1543-
1547, 1560-1564, 1577-1581, 1594-1598, 1611-1615, 1628-
1632, 1645-1649, 1662-1666, 1679-1683, 1696-1700, 1713-
1717,1730-1734, 1747-1751, 1764-1768, 1781-1785, 1798-
1802, 1815-1819, 1832-1836, 1849-1853, 1866-1870, 1883-
1887, 1900-1904, 1917-1921, 1934-1938, 1951-1955, 1968-
1972, 1985-1989, 2002-2006, 2019-2023, 2036-2040, 2053 -
2057,2070-2074, 2087-2091, 2104-2108, 2121-2125, 2138-
2142,2155-2159, 2172-2176, 2189-2193, 2206-2210, 2223-
2227,2240-2244, 2257-2261,2274-2278, 2291-2295, 2308-
2312,2325-2329, 2342-2346, 2359-2363, 2376-2380, 2393-
2397,2410-2414, 2427-2431, 2529-2533, 2546-2550, 2563 -
2567,2580-2584, 2614-2618, 2631-2635, 2648-2652, 2665-
2669, 2682-2686, 2699-2703, 2716-2720, 2733-2737, 2750-
2754,2767-2771, 2784-2788, 2801-2805, 2818-2822, 2835-
2839, 2852-2856, 2878-2882, 2888-2892, 2905-2909, 2922-
2926, and 2939-2943 or fragments thereof.

The specific homologous polypeptides likewise corre-
spond to polypeptides coded for by the specific homologous
nucleotide sequences such as defined above and thus com-
prise in the present definition the polypeptides, which are
mutated or correspond to variants that can exist in Alicyclo-
bacillus acidocaldarius, and which especially correspond to
truncations, substitutions, deletions, and/or additions of at
least one amino acid residue.

“Specific biologically active fragment of a polypeptide”
according to an embodiment of the invention will be under-
stood in particular as designating a specific polypeptide frag-
ment, such as defined above, having at least one of the char-
acteristics of polypeptides according to the invention. In
certain embodiments the peptide is capable of behaving as at
least one of the types of proteins outlined in Table 1.

The polypeptide fragments according to embodiments of
the invention can correspond to isolated or purified fragments
naturally present in Alicyclobacillus acidocaldarius or corre-
spond to fragments that can be obtained by cleavage of the
polypeptide by a proteolytic enzyme, such as trypsin or chy-
motrypsin or collagenase, or by a chemical reagent, such as
cyanogen bromide (CNBr). Such polypeptide fragments can
likewise just as easily be prepared by chemical synthesis,
from hosts transformed by an expression vector according to
the invention containing a nucleic acid allowing the expres-
sion of the fragments, placed under the control of appropriate
regulation and/or expression elements.

“Modified polypeptide” of a polypeptide according to an
embodiment of the invention is understood as designating a
polypeptide obtained by genetic recombination or by chemi-



US 9,187,753 B2

41

cal synthesis as will be described below, having at least one
modification with respect to the normal sequence. These
modifications may or may not be able to bear on amino acids
atthe origin of specificity, and/or of activity, or at the origin of
the structural conformation, localization, and of the capacity
of membrane insertion of the polypeptide according to the
invention. It will thus be possible to create polypeptides of
equivalent, increased, or decreased activity, and of equiva-
lent, narrower, or wider specificity. Among the modified
polypeptides, it is necessary to mention the polypeptides in
which up to 5 or more amino acids can be modified, truncated
at the N- or C-terminal end, or even deleted or added.

The methods allowing the modulations on eukaryotic or
prokaryotic cells to be demonstrated are well known to a
person of ordinary skill in the art. It is likewise well under-
stood that it will be possible to use the nucleotide sequences
coding for the modified polypeptides for the modulations, for
example, through vectors according to the invention and
described below.

The preceding modified polypeptides can be obtained by
using combinatorial chemistry, in which it is possible to sys-
tematically vary parts of the polypeptide before testing them
on models, cell cultures or microorganisms, for example, to
select the compounds that are most active or have the prop-
erties sought.

Chemical synthesis likewise has the advantage of being
able to use unnatural amino acids, or nonpeptide bonds.

Thus, in order to improve the duration of life of the
polypeptides, according to the invention, it may be of interest
to use unnatural amino acids, for example, in D form, or else
amino acid analogs, especially sulfur-containing forms, for
example.

Finally, it will be possible to integrate the structure of the
polypeptides according to the invention, its specific or modi-
fied homologous forms, into chemical structures of polypep-
tide type or others. Thus, it may be of interest to provide at the
N- and C-terminal ends compounds not recognized by pro-
teases.

The nucleotide sequences coding for a polypeptide accord-
ing to the invention are likewise part of the invention.

The invention likewise relates to nucleotide sequences uti-
lizable as a primer or probe, characterized in that the
sequences are selected from the nucleotide sequences accord-
ing to the invention.

It is well understood that the present invention, in various
embodiments, likewise relates to specific polypeptides of
Alicyclobacillus acidocaldarius, coded for by nucleotide
sequences, capable of being obtained by purification from
natural polypeptides, by genetic recombination or by chemi-
cal synthesis by procedures well known to a person skilled in
the art and such as described in particular below. In the same
manner, the labeled or unlabeled mono- or polyclonal anti-
bodies directed against the specific polypeptides coded for by
the nucleotide sequences are also encompassed by the inven-
tion.

Embodiments of the invention additionally relate to the use
of a nucleotide sequence according to the invention as a
primer or probe for the detection and/or the amplification of
nucleic acid sequences.

The nucleotide sequences according to embodiments of the
invention can thus be used to amplify nucleotide sequences,
especially by the PCR technique (polymerase chain reaction)
(Erlich, 1989; Innis et al., 1990; Rolfs et al., 1991; and White
etal, 1997).

These oligodeoxyribonucleotide or oligoribonucleotide
primers advantageously have a length of at least 8 nucle-
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otides, preferably of at least 12 nucleotides, and even more
preferentially of at least 20 nucleotides.

Other amplification techniques of the target nucleic acid
can be advantageously employed as alternatives to PCR.

The nucleotide sequences of the invention, in particular the
primers according to the invention, can likewise be employed
in other procedures of amplification of a target nucleic acid,
such as: the TAS technique (Transcription-based Amplifica-
tion System), described by Kwoh et al. in 1989; the 3SR
technique (Self-Sustained Sequence Replication), described
by Guatelli et al. in 1990; the NASBA technique (Nucleic
Acid Sequence Based Amplification), described by Kievitis
et al. in 1991; the SDA technique (Strand Displacement
Amplification) (Walker et al., 1992); and the TMA technique
(Transcription Mediated Amplification).

The polynucleotides of the invention can also be employed
in techniques of amplification or of modification of the
nucleic acid serving as a probe, such as: the LCR technique
(Ligase Chain Reaction), described by Landegren et al. in
1988 and improved by Barany et al. in 1991, which employs
a thermostable ligase; the RCR technique (Repair Chain
Reaction), described by Segev in 1992; the CPR technique
(Cycling Probe Reaction), described by Duck et al. in 1990;
the amplification technique with Q-beta replicase, described
by Miele et al. in 1983 and especially improved by Chu et al.
in 1986, Lizardi et al. in 1988, then by Burg et al., as well as
by Stone et al. in 1996.

Inthe case where the target polynucleotide to be detected is
possibly an RNA, for example, an mRNA, it will be possible
to use, prior to the employment of an amplification reaction
with the aid of at least one primer according to the invention
or to the employment of a detection procedure with the aid of
at least one probe of the invention, an enzyme of reverse
transcriptase type in order to obtain a cDNA from the RNA
contained in the biological sample. The cDNA obtained will
thus serve as a target for the primer(s) or the probe(s)
employed in the amplification or detection procedure accord-
ing to the invention.

The detection probe will be chosen in such a manner that it
hybridizes with the target sequence or the amplicon generated
from the target sequence. By way of sequence, such a probe
will advantageously have a sequence of at least 12 nucle-
otides, in particular of at least 20 nucleotides, and preferably
of at least 100 nucleotides.

Embodiments of the invention also comprise the nucle-
otide sequences utilizable as a probe or primer according to
the invention, characterized in that they are labeled with a
radioactive compound or with a nonradioactive compound.

The unlabeled nucleotide sequences can be used directly as
probes or primers, although the sequences are generally
labeled with a radioactive isotope (**P, *°S, *H, '*°I) or with
a nonradioactive molecule (biotin, acetylaminofluorene,
digoxigenin, 5-bromodeoxyuridine, fluorescein) to obtain
probes, which are utilizable for numerous applications.

Examples of nonradioactive labeling of nucleotide
sequences are described, for example, in French Patent No.
7810975 or by Urdea et al. or by Sanchez-Pescador et al. in
1988.

In the latter case, it will also be possible to use one of the
labeling methods described in patents FR-2 422 956 and FR-2
518755.

The hybridization technique can be carried out in various
manners (Matthews et al., 1988). The most general method
consists in immobilizing the nucleic acid extract of cells on a
support (such as nitrocellulose, nylon, polystyrene) and in
incubating, under well-defined conditions, the immobilized
target nucleic acid with the probe. After hybridization, the
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excess of probe is eliminated and the hybrid molecules
formed are detected by the appropriate method (measurement
of the radioactivity, of the fluorescence or of the enzymatic
activity linked to the probe).

The invention, in various embodiments, likewise com-
prises the nucleotide sequences according to the invention,
characterized in that they are immobilized on a support,
covalently or noncovalently.

According to another advantageous mode of employing
nucleotide sequences according to the invention, the latter can
be used immobilized on a support and can thus serve to
capture, by specific hybridization, the target nucleic acid
obtained from the biological sample to be tested. If necessary,
the solid support is separated from the sample and the hybrid-
ization complex formed between the capture probe and the
target nucleic acid is then detected with the aid of a second
probe, a so-called detection probe, labeled with an easily
detectable element.

Another aspect of the present invention is a vector for the
cloning and/or expression of a sequence, characterized in that
it contains a nucleotide sequence according to the invention.

The vectors, according to the invention, characterized in
that they contain the elements allowing the integration,
expression and/or the secretion of the nucleotide sequences in
a determined host cell, are likewise part of the invention.

The vector may then contain a promoter, signals of initia-
tion and termination of translation, as well as appropriate
regions of regulation of transcription. It may be able to be
maintained stably in the host cell and can optionally have
particular signals specifying the secretion of the translated
protein. These different elements may be chosen as a function
of the host cell used. To this end, the nucleotide sequences
according to the invention may be inserted into autonomous
replication vectors within the chosen host, or integrated vec-
tors of the chosen host.

Such vectors will be prepared according to the methods
currently used by a person skilled in the art, and it will be
possible to introduce the clones resulting therefrom into an
appropriate host by standard methods, such as, for example,
lipofection, electroporation, and thermal shock.

The vectors according to the invention are, for example,
vectors of plasmid or viral origin. One example ofa vector for
the expression of polypeptides of the invention is Baculovi-
rus.

These vectors are useful for transforming host cells in order
to clone or to express the nucleotide sequences of the inven-
tion.

The invention likewise comprises the host cells trans-
formed by a vector according to the invention.

These cells can be obtained by the introduction into host
cells of a nucleotide sequence inserted into a vector such as
defined above, then the culturing of the cells under conditions
allowing the replication and/or expression of the transfected
nucleotide sequence.

The host cell can be selected from prokaryotic or eukary-
otic systems, such as, for example, bacterial cells (Olins and
Lee, 1993), but likewise yeast cells (Buckholz, 1993), as well
as plants cells, such as Arabidopsis sp., and animal cells, in
particular the cultures of mammalian cells (Edwards and
Aruffo, 1993), for example, Chinese hamster ovary (CHO)
cells, but likewise the cells of insects in which it is possible to
use procedures employing baculoviruses, for example, Sf9
insect cells (Luckow, 1993).

Embodiments of the invention likewise relate to organisms
comprising one of the transformed cells according to the
invention.
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The obtainment of transgenic organisms, according to the
invention, of expressing one or more of the genes of Alicy-
clobacillus acidocaldarius or part of the genes may be carried
out in, for example, rats, mice, or rabbits according to meth-
ods well known to a person skilled in the art, such as by viral
or nonviral transfections. It will be possible to obtain the
transgenic organisms expressing one or more of the genes by
transfection of multiple copies of the genes under the control
of a strong promoter of ubiquitous nature, or selective for one
type of tissue. It will likewise be possible to obtain the trans-
genic organisms by homologous recombination in embryonic
cell strains, transfer of these cell strains to embryos, selection
of'the affected chimeras at the level of the reproductive lines,
and growth of the chimeras.

The transformed cells, as well as the transgenic organisms
according to the invention, are utilizable in procedures for
preparation of recombinant polypeptides.

Itis today possible to produce recombinant polypeptides in
relatively large quantity by genetic engineering using the
cells transformed by expression vectors according to the
invention or using transgenic organisms according to the
invention.

The procedures for preparation of a polypeptide of the
invention in recombinant form, characterized in that they
employ a vector and/or a cell transformed by a vector accord-
ing to the invention and/or a transgenic organism comprising
one of the transformed cells according to the invention are
themselves comprised in the present invention.

As used herein, “transformation” and “transformed” relate
to the introduction of nucleic acids into a cell, whether
prokaryotic or eukaryotic. Further, “transformation” and
“transformed,” as used herein, need not relate to growth con-
trol or growth deregulation.

Among the procedures for preparation of a polypeptide of
the invention in recombinant form, the preparation proce-
dures employing a vector, and/or a cell transformed by the
vector and/or a transgenic organism comprising one of the
transformed cells, containing a nucleotide sequence accord-
ing to the invention coding for a polypeptide of Alicycloba-
cillus acidocaldarius.

A variant according to the invention may consist of pro-
ducing a recombinant polypeptide fused to a “carrier” protein
(chimeric protein). The advantage of this system is that it may
allow stabilization of and/or a decrease in the proteolysis of
the recombinant product, an increase in the solubility in the
course of renaturation in vitro and/or a simplification of the
purification when the fusion partner has an affinity for a
specific ligand.

More particularly, the invention relates to a procedure for
preparation of a polypeptide of the invention comprising the
following steps: a) culture of transformed cells under condi-
tions allowing the expression of a recombinant polypeptide of
a nucleotide sequence according to the invention; b) if need
be, recovery of the recombinant polypeptide.

When the procedure for preparation of a polypeptide of the
invention employs a transgenic organism according to the
invention, the recombinant polypeptide is then extracted from
the organism.

The invention also relates to a polypeptide that is capable of
being obtained by a procedure of the invention, such as
described previously.

The invention also comprises a procedure for preparation
of a synthetic polypeptide, characterized in that it uses a
sequence of amino acids of polypeptides according to the
invention.

The invention likewise relates to a synthetic polypeptide
obtained by a procedure according to the invention.
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The polypeptides according to the invention can likewise
be prepared by techniques that are conventional in the field of
the synthesis of peptides. This synthesis can be carried out in
homogeneous solution or in solid phase.

For example, recourse can be made to the technique of
synthesis in a homogeneous solution described by Houben-
Weyl in 1974.

This method of synthesis consists in successively condens-
ing, two by two, the successive amino acids in the order
required, or in condensing amino acids and fragments formed
previously and already containing several amino acids in the
appropriate order, or alternatively several fragments previ-
ously prepared in this way, it being understood that it will be
necessary to protect beforehand all the reactive functions
carried by these amino acids or fragments, with the exception
of amine functions of one and carboxyls of the other or
vice-versa, which must normally be involved in the formation
of peptide bonds, especially after activation of the carboxyl
function, according to the methods well known in the synthe-
sis of peptides.

Recourse may also be made to the technique described by
Merrifield.

To make a peptide chain according to the Merrifield pro-
cedure, recourse is made to a very porous polymeric resin, on
which is immobilized the first C-terminal amino acid of the
chain. This amino acid is immobilized on a resin through its
carboxyl group and its amine function is protected. The
amino acids that are going to form the peptide chain are thus
immobilized, one after the other, on the amino group, which
is deprotected beforehand each time, of the portion of the
peptide chain already formed, and which is attached to the
resin. When the whole of the desired peptide chain has been
formed, the protective groups of the different amino acids
forming the peptide chain are eliminated and the peptide is
detached from the resin with the aid of an acid.

The invention additionally relates to hybrid polypeptides
having at least one polypeptide according to the invention,
and a sequence of a polypeptide capable of inducing an
immune response in man or animals.

Advantageously, the antigenic determinant is such that it is
capable of inducing a humoral and/or cellular response.

It will be possible for such a determinant to comprise a
polypeptide according to the invention in glycosylated, pegy-
lated, and/or otherwise post-translationally modified form
used with a view to obtaining immunogenic compositions
capable of inducing the synthesis of antibodies directed
against multiple epitopes.

These hybrid molecules can be formed, in part, of a
polypeptide carrier molecule or of fragments thereof accord-
ing to the invention, associated with a possibly immunogenic
part, in particular, an epitope of the diphtheria toxin, the
tetanus toxin, a surface antigen of the hepatitis B virus (Patent
FR 79 21811), the VP1 antigen of the poliomyelitis virus or
any other viral or bacterial toxin or antigen.

The procedures for synthesis of hybrid molecules encom-
pass the methods used in genetic engineering for constructing
hybrid nucleotide sequences coding for the polypeptide
sequences sought. It will be possible, for example, to refer
advantageously to the technique for obtainment of genes
coding for fusion proteins described by Minton in 1984.

The hybrid nucleotide sequences coding for a hybrid
polypeptide as well as the hybrid polypeptides according to
the invention characterized in that they are recombinant
polypeptides obtained by the expression of the hybrid nucle-
otide sequences are likewise part of the invention.

The invention likewise comprises the vectors characterized
in that they contain one of the hybrid nucleotide sequences.
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The host cells transformed by the vectors, the transgenic
organisms comprising one of the transformed cells as well as
the procedures for preparation of recombinant polypeptides
using the vectors, the transformed cells and/or the transgenic
organisms are, of course, likewise part of the invention.

The polypeptides according to the invention, the antibodies
according to the invention described below and the nucleotide
sequences according to the invention can advantageously be
employed in procedures for the detection and/or identifica-
tion of Alicyclobacillus acidocaldarius, in a sample capable
of'containing them. These procedures, according to the speci-
ficity of the polypeptides, the antibodies and the nucleotide
sequences according to the invention that will be used, will in
particular be able to detect and/or to identify Alicyclobacillus
acidocaldarius.

The polypeptides according to the invention can advanta-
geously be employed in a procedure for the detection and/or
the identification of Alicyclobacillus acidocaldarius in a
sample capable of containing them, characterized in that it
comprises the following steps: a) contacting of this sample
with a polypeptide or one of its fragments according to the
invention (under conditions allowing an immunological reac-
tion between the polypeptide and the antibodies possibly
present in the biological sample); and b) demonstration of the
antigen-antibody complexes possibly formed.

Any conventional procedure can be employed for carrying
out such a detection of the antigen-antibody complexes pos-
sibly formed.

By way of example, a preferred method brings into play
immunoenzymatic processes according to the ELISA tech-
nique, by immunofluorescence, or radioimmunological pro-
cesses (RIA) or their equivalent.

Thus, the invention likewise relates to the polypeptides
according to the invention, labeled with the aid of an adequate
label, such as, of the enzymatic, fluorescent or radioactive
type.

Such methods comprise, for example, the following steps:
deposition of determined quantities of a polypeptide compo-
sition according to the invention in the wells of a microtiter
plate, introduction into the wells of increasing dilutions of
serum, or of a biological sample other than that defined pre-
viously, having to be analyzed, incubation of the wells of the
microtiter plate, introduction into the wells of the microtiter
plate of labeled antibodies directed against pig immunoglo-
bulins, the labeling of these antibodies having been carried
out with the aid of an enzyme selected from those which are
capable of hydrolyzing a substrate by modifying the absorp-
tion of the radiation of the latter, at least at a determined
wavelength, for example, at 550 nm, detection, by compari-
son with a control test, of the quantity of hydrolyzed sub-
strate.

The polypeptides according to the invention allow mono-
clonal or polyclonal antibodies to be prepared which are
characterized in that they specifically recognize the polypep-
tides according to the invention. It will advantageously be
possible to prepare the monoclonal antibodies from hybrido-
mas according to the technique described by Kohler and
Milstein in 1975. It will be possible to prepare the polyclonal
antibodies, for example, by immunization of an animal, in
particular a mouse, with a polypeptide ora DNA, according to
the invention, associated with an adjuvant of the immune
response, and then purification of the specific antibodies con-
tained in the serum of the immunized animals on an affinity
column on which the polypeptide, which has served as an
antigen, has previously been immobilized. The polyclonal
antibodies according to the invention can also be prepared by
purification, on an affinity column on which a polypeptide
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according to the invention has previously been immobilized,
of the antibodies contained in the serum of an animal immu-
nologically challenged by Alicyclobacillus acidocaldarius,
or a polypeptide or fragment according to the invention.

The invention likewise relates to mono- or polyclonal anti-
bodies or their fragments, or chimeric antibodies, character-
ized in that they are capable of specifically recognizing a
polypeptide according to the invention.

It will likewise be possible for the antibodies of the inven-
tion to be labeled in the same manner as described previously
for the nucleic probes of the invention, such as a labeling of
enzymatic, fluorescent or radioactive type.

The invention is additionally directed at a procedure for the
detection and/or identification of Alicyclobacillus acidocal-
darius in a sample, characterized in that it comprises the
following steps: a) contacting of the sample with a mono- or
polyclonal antibody according to the invention (under condi-
tions allowing an immunological reaction between the anti-
bodies and the polypeptides of Alicyclobacillus acidocal-
darius possibly present in the biological sample); and b)
demonstration of the antigen-antibody complex possibly
formed.

The present invention likewise relates to a procedure for
the detection and/or the identification of Alicyclobacillus aci-
docaldarius in a sample, characterized in that it employs a
nucleotide sequence according to the invention.

More particularly, the invention relates to a procedure for
the detection and/or the identification of Alicyclobacillus aci-
docaldarius in a sample, characterized in that it contains the
following steps: a) if need be, isolation of the DNA from the
sample to be analyzed; b) specific amplification of the DNA
of the sample with the aid of at least one primer, or a pair of
primers, according to the invention; and ¢) demonstration of
the amplification products.

These can be detected, for example, by the technique of
molecular hybridization utilizing a nucleic probe according
to the invention. This probe will advantageously be labeled
with a nonradioactive (cold probe) or radioactive isotope.

For the purposes of the present invention, “DNA of the
biological sample” or “DNA contained in the biological
sample” will be understood as meaning either the DNA
present in the biological sample considered, or possibly the
cDNA obtained after the action of an enzyme of reverse
transcriptase type on the RNA present in the biological
sample.

A further embodiment of the invention comprises a
method, characterized in that it comprises the following
steps: a) contacting of a nucleotide probe according to the
invention with a biological sample, the DNA contained in the
biological sample having, if need be, previously been made
accessible to hybridization under conditions allowing the
hybridization of the nucleotide probe with the DNA of the
sample; and b) demonstration of the hybrid formed between
the nucleotide probe and the DNA of the biological sample.

The present invention also relates to a procedure according
to the invention, characterized in that it comprises the follow-
ing steps: a) contacting of a nucleotide probe immobilized on
a support according to the invention with a biological sample,
the DNA of the sample having, if need be, previously been
made accessible to hybridization, under conditions allowing
the hybridization of the nucleotide probe with the DNA of the
sample; b) contacting of the hybrid formed between the
nucleotide probe immobilized on a support and the DNA
contained in the biological sample, if need be after elimina-
tion of the DNA of the biological sample which has not
hybridized with the nucleotide probe, with a nucleotide probe
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labeled according to the invention; and ¢) demonstration of
the novel hybrid formed in step b).

According to an advantageous embodiment of the proce-
dure for detection and/or identification defined previously,
this is characterized in that, prior to step a), the DNA of the
biological sample is first amplified with the aid of at least one
primer according to the invention.

Embodiments of methods include placing a recombinant,
purified, and/or isolated polypeptide selected from the group
consisting of a polypeptide having at least 90% sequence
identity to SEQ ID NOS: 1, 18, 35, 52, 69, 86, 103, 120, 137,
154, 171, 188, 205, 222, 239, 256, 273, 290, 307, 324, 341,
358, 375, 392, 409, 426, 443, 460, 477, 494, 511, 528, 545,
562, 579, 596, 613, 630, 647, 664, 681, 698, 715, 732, 749,
766, 783, 800, 817, 834, 851, 868, 885, 902, 819, 936, 953,
970, 987, 1004, 1021, 1038, 1055, 1072, 1089, 1106, 1123,
1140,1157,1174,1191, 1293, 1310, 1327, 1344,1361, 1378,
1395,1412,1429, 1446, 1463, 1480, 1497, 1514,1531, 1548,
1565,1582,1599,1616, 1633, 1650,1667,1684,1701, 1718,
1735,1752,1769,1786, 1803, 1820, 1837, 1854, 1871, 1888,
1905,1922,1939,1956, 1973, 1990,2007,2024,2041, 2058,
2075,2092,2109,2126,2143,2160,2177,2194,2211, 2228,
2245,2262,2279,2296,2313,2330,2347,2364,2381, 2398,
2415,2517,2534,2551,2568,2602,2619,2636,2653, 2670,
2687,2704,2721,2738,2755,2772,2789, 2806, 2823, 2840,
2859, 2876, 2893, 2910, and 2927 in, or replacing a compo-
nent, of an in-vitro transcription system such as, by way of
non-limiting example, a polymerase chain reaction or a
reticulocyte lysate transcription/translation system.

Further embodiments of methods include placing a cell
producing or encoding a recombinant, purified, and/or iso-
lated nucleotide sequence comprising a nucleotide sequence
selected from the group consisting of a nucleotide sequence
having at least 90% sequence identity to at least one of the
sequences of SEQ ID NOS: 2, 19, 36, 53, 70, 87, 104, 121,
138, 155, 172, 189, 206, 223, 240, 257, 274, 291, 308, 325,
342, 359, 376, 393, 410, 427, 444, 461, 478, 495, 512, 529,
546, 563, 580, 597, 614, 631, 648, 665, 682, 699, 716, 733,
750, 767, 784, 801, 818, 835, 852, 869, 886, 903, 920, 937,
954, 971, 988, 1005, 1022, 1039, 1056, 1073, 1090, 1107,
1124,1141,1158,1175,1192,1294,1311, 1328,1345, 1362,
1379,1396, 1413,1430, 1447, 1464, 1481, 1498, 1515, 1532,
1549,1566, 1583,1600, 1617, 1634,1651, 1668, 1685, 1702,
1719,1736,1753,1770, 1787, 1804, 1821, 1838, 1855, 1872,
1889, 1906, 1923,1940, 1957, 1974,1991, 2008, 2025, 2042,
2059,2076,2093,2110,2127,2144,2161,2178,2195,2212,
2229,2246,2263,2280,2297,2314,2331,2348,2365, 2382,
2399,2416,2518,2535,2552,2569,2603,2620,2637,2654,
2671,2688,2705,2722,2739,2756,2773,2790,2807, 2824,
2841,2857,2858, 2860, 2877,2894, 2911, and 2928 and/or a
recombinant, purified, and/or isolated polypeptide selected
from the group consisting of a polypeptide having at least
90% sequence identity to at least one of the sequences of SEQ
IDNOS: 1, 18, 35, 52, 69, 86, 103, 120, 137, 154, 171, 188,
205, 222, 239, 256, 273, 290, 307, 324, 341, 358, 375, 392,
409, 426, 443, 460, 477, 494, 511, 528, 545, 562, 579, 596,
613, 630, 647, 664, 681, 698, 715, 732, 749, 766, 783, 800,
817, 834, 851, 868, 885, 902, 819, 936, 953, 970, 987, 1004,
1021, 1038, 1055,1072, 1089, 1106,1123,1140,1157, 1174,
1191,1293,1310,1327, 1344, 1361, 1378, 1395, 1412, 1429,
1446,1463,1480,1497, 1514, 1531, 1548, 1565, 1582, 1599,
1616,1633,1650,1667,1684,1701,1718,1735,1752, 1769,
1786, 1803, 1820, 1837, 1854, 1871, 1888, 1905, 1922, 1939,
1956,1973,1990,2007, 2024, 2041, 2058, 2075,2092, 2109,
2126,2143,2160,2177,2194,2211,2228,2245,2262, 2279,
2296,2313,2330,2347,2364,2381,2398, 2415,2517, 2534,
2551,2568,2602,2619,2636,2653,2670,2687,2704,2721,
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2738,2755,2772,2789, 2806, 2823, 2840, 2859, 2876, 2893,
2910, and 2927 in an environment comprising temperatures
at or above about 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,75, 80,
85, 90, and/or 95 degrees Celsius and/or a pH at, below,
and/or above 8, 7, 6, 5, 4, 3, 2, 1, and/or 0.

The present invention provides cells that have been geneti-
cally manipulated to have an altered capacity to produce
expressed proteins. In particular, the present invention relates
to Gram-positive microorganisms, such as Bacillus species
having enhanced expression of a protein of interest, wherein
one or more chromosomal genes have been inactivated, and/
or wherein one or more chromosomal genes have been
deleted from the Bacillus chromosome. In some further
embodiments, one or more indigenous chromosomal regions
have been deleted from a corresponding wild-type Bacillus
host chromosome. In further embodiments, the Bacillus is an
Alicyclobacillus sp. or Alicyclobacillus acidocaldarius.

In additional embodiments, methods of modulating tran-
scription or transcription or transcriptional control at tem-
peratures at or above about 25, 30, 35, 40, 45, 50, 55, 60, 65,
70,75, 80,85, 90, and/or 95 degrees Celsius and/or ata pH at,
below, and/or above 8, 7, 6, 5, 4, 3, 2, 1, and/or 0 via a
recombinant, purified, and/or isolated nucleotide sequence
comprising a nucleotide sequence selected from the group
consisting of a nucleotide sequence having at least 90%
sequence identity to at least one of the sequences of SEQ ID
NOS: 2, 19,36, 53,70,87,104, 121, 138, 155, 172, 189, 206,
223, 240, 257, 274, 291, 308, 325, 342, 359, 376, 393, 410,
427, 444, 461, 478, 495, 512, 529, 546, 563, 580, 597, 614,
631, 648, 665, 682, 699, 716, 733, 750, 767, 784, 801, 818,
835,852, 869, 886, 903, 920, 937,954,971, 988, 1005, 1022,
1039, 1056, 1073,1090,1107,1124,1141,1158,1175,1192,
1294,1311, 1328, 1345, 1362, 1379, 1396, 1413, 1430, 1447,
1464, 1481, 1498, 1515,1532,1549, 1566, 1583, 1600, 1617,
1634,1651, 1668, 1685,1702,1719, 1736, 1753,1770, 1787,
1804, 1821, 1838, 1855, 1872, 1889, 1906, 1923, 1940, 1957,
1974,1991, 2008, 2025, 2042, 2059, 2076, 2093,2110, 2127,
2144,2161,2178,2195,2212,2229,2246,2263,2280, 2297,
2314,2331,2348,2365,2382,2399,2416,2518,2535,2552,
2569, 2603, 2620,2637,2654,2671, 2688, 2705,2722, 2739,
2756,2773,2790,2807,2824,2841, 2857, 2858, 2860, 2877,
2894, 2911, and 2928 and/or a recombinant, purified, and/or
isolated polypeptide selected from the group consisting of a
polypeptide having at least 90% sequence identity to at least
one of the sequences of SEQ ID NOS: 1, 18, 35, 52, 69, 86,
103, 120, 137, 154, 171, 188, 205, 222, 239, 256, 273, 290,
307, 324, 341, 358, 375, 392, 409, 426, 443, 460, 477, 494,
511, 528, 545, 562, 579, 596, 613, 630, 647, 664, 681, 698,
715,732,749, 766, 783, 800, 817, 834, 851, 868, 885, 902,
819, 936,953,970, 987, 1004, 1021, 1038, 1055, 1072, 1089,
1106,1123,1140,1157,1174,1191, 1293,1310, 1327, 1344,
1361, 1378, 1395, 1412, 1429, 1446, 1463, 1480, 1497, 1514,
1531, 1548, 1565, 1582, 1599, 1616, 1633, 1650, 1667, 1684,
1701, 1718, 1735,1752,1769, 1786, 1803, 1820, 1837, 1854,
1871, 1888, 1905, 1922, 1939, 1956, 1973, 1990, 2007, 2024,
2041,2058,2075,2092,2109,2126,2143,2160,2177,2194,
2211,2228,2245,2262,2279,2296,2313,2330,2347, 2364,
2381,2398,2415,2517,2534,2551, 2568, 2602,2619, 2636,
2653,2670,2687,2704,2721,2738,2755,2772,2789, 2806,
2823, 2840, 2859, 2876, 2893, 2910, and 2927.

Further embodiments of the invention may comprise a kit
for modulating transcription or transcriptional control, the kit
comprising a recombinant, purified, and/or isolated nucle-
otide sequence comprising a nucleotide sequence selected
from the group consisting of a nucleotide sequences having at
least 90% sequence identity to at least one of the sequences of
SEQID NOS: 2, 19, 36, 53, 70, 87, 104, 121, 138, 155, 172,
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189, 206, 223, 240, 257, 274, 291, 308, 325, 342, 359, 376,
393, 410, 427, 444, 461, 478, 495, 512, 529, 546, 563, 580,
597, 614, 631, 648, 665, 682, 699, 716, 733, 750, 767, 784,
801, 818, 835, 852, 869, 886, 903, 920, 937, 954, 971, 988,
1005,1022, 1039, 1056, 1073,1090, 1107, 1124,1141, 1158,
1175,1192,1294,1311, 1328, 1345, 1362, 1379, 1396, 1413,
1430,1447,1464, 1481, 1498, 1515,1532, 1549, 1566, 1583,
1600,1617, 1634, 1651, 1668, 1685,1702, 1719, 1736, 1753,
1770,1787,1804, 1821, 1838, 1855, 1872, 1889, 1906, 1923,
1940,1957,1974, 1991, 2008, 2025, 2042, 2059, 2076, 2093,
2110,2127,2144,2161,2178,2195,2212,2229,2246, 2263,
2280,2297,2314,2331,2348,2365,2382,2399,2416,2518,
2535,2552,2569,2603,2620,2637,2654,2671,2688, 2705,
2722,2739,2756,2773,2790,2807,2824,2841,2857, 2858,
2860, 2877, 2894, 2911, and 2928 and/or a recombinant,
purified, and/or isolated polypeptide selected from the group
consisting of a polypeptide having at least 90% sequence
identity to atleast one of the sequences of SEQIDNOS: 1, 18,
35, 52, 69, 86, 103, 120, 137, 154, 171, 188, 205, 222, 239,
256, 273, 290, 307, 324, 341, 358, 375, 392, 409, 426, 443,
460, 477, 494, 511, 528, 545, 562, 579, 596, 613, 630, 647,
664, 681, 698, 715, 732, 749, 766, 783, 800, 817, 834, 851,
868, 885, 902, 819, 936, 953, 970, 987, 1004, 1021, 1038,
1055,1072,1089,1106,1123,1140,1157,1174,1191, 1293,
1310,1327,1344, 1361, 1378, 1395, 1412, 1429, 1446, 1463,
1480,1497,1514,1531,1548,1565,1582,1599, 1616, 1633,
1650,1667,1684,1701,1718,1735,1752,1769, 1786, 1803,
1820,1837, 1854, 1871, 1888, 1905, 1922, 1939, 1956, 1973,
1990,2007, 2024, 2041, 2058, 2075,2092, 2109, 2126, 2143,
2160,2177,2194,2211,2228,2245,2262,2279,2296,2313,
2330,2347,2364,2381,2398,2415,2517,2534,2551, 2568,
2602,2619,2636,2653,2670,2687,2704,2721,2738, 2755,
2772, 2789, 2806, 2823, 2840, 2859, 2876, 2893, 2910, and
2927.

In embodiments of the invention any one of the isolated
and/or purified polypeptides according to the invention may
be enzymatically or functionally active at temperatures at or
above about 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85,
90, and/or 95 degrees Celsius and/or may be enzymatically or
functionally active at a pH at, below, and/or above 8, 7, 6, 5,
4,3, 2,1, and/or 0. In further embodiments of the invention,
glycosylation, pegylation, and/or other post-translational
modification may be required for the isolated and/or purified
polypeptides according to the invention to be enzymatically
or functionally active at a pH at or below 8, 7,6, 5,4,3,2, 1,
and/or O or at temperatures at or above about 25, 30, 35, 40,
45, 50, 55, 60, 65, 70, 75, 80, 85, 90, and/or 95 degrees
Celsius.

The invention is described in additional detail in the fol-
lowing illustrative examples. Although the examples may
represent only selected embodiments of the invention, it
should be understood that the following examples are illus-
trative and not limiting.

EXAMPLES
Example 1

Transcription and Transcriptional Control Using
Nucleotide and Amino Acid Sequences from
Alicyclobacillus acidocaldarius

Provided in SEQ ID NOS: 2, 19, 36, 53, 70, 87, 104, 121,
138, 155, 172, 189, 206, 223, 240, 257, 274, 291, 308, 325,
342,359, 376, 393, 410, 427, 444, 461, 478, 495, 512, 529,
546, 563, 580, 597, 614, 631, 648, 665, 682, 699, 716, 733,
750, 767, 784, 801, 818, 835, 852, 869, 886, 903, 920, 937,
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954, 971, 988, 1005, 1022, 1039, 1056, 1073, 1090, 1107,
1124,1141,1158,1175,1192,1294, 1311, 1328, 1345, 1362,
1379, 1396, 1413, 1430, 1447, 1464, 1481, 1498, 1515, 1532,
1549, 1566, 1583, 1600, 1617, 1634, 1651, 1668, 1685, 1702,
1719, 1736, 1753,1770,1787,1804, 1821, 1838, 1855, 1872,
1889, 1906, 1923, 1940, 1957, 1974, 1991, 2008, 2025, 2042,
2059,2076,2093,2110,2127,2144,2161,2178,2195,2212,
2229,2246,2263,2280,2297,2314,2331, 2348,2365, 2382,
2399,2416,2518,2535,2552,2569, 2603, 2620, 2637, 2654,
2671,2688,2705,2722,2739,2756,2773,2790,2807, 2824,
2841, 2857, 2858, 2860, 2877, 2894, 2911, and 2928 are a
nucleotide sequences isolated from Alicyclobacillus aci-
docaldarius and coding for the polypeptides of SEQ ID NOS:
1, 18, 35, 52, 69, 86, 103, 120, 137, 154, 171, 188, 205, 222,
239, 256, 273, 290, 307, 324, 341, 358, 375, 392, 409, 426,
443, 460, 477, 494, 511, 528, 545, 562, 579, 596, 613, 630,
647, 664, 681, 698, 715, 732, 749, 766, 783, 800, 817, 834,
851, 868, 885, 902, 819, 936, 953, 970, 987, 1004, 1021,
1038, 1055,1072,1089,1106,1123, 1140, 1157,1174,1191,
1293,1310, 1327, 1344, 1361, 1378, 1395, 1412, 1429, 1446,
1463, 1480, 1497,1514,1531,1548, 1565, 1582, 1599, 1616,
1633, 1650, 1667,1684,1701,1718, 1735, 1752, 1769, 1786,
1803, 1820, 1837, 1854, 1871, 1888, 1905, 1922, 1939, 1956,
1973, 1990, 2007, 2024, 2041, 2058, 2075, 2092, 2109, 2126,
2143,2160,2177,2194,2211,2228,2245,2262,2279, 2296,
2313,2330,2347,2364,2381,2398,2415,2517,2534, 2551,
2568, 2602,2619,2636,2653,2670,2687,2704,2721, 2738,
2755,2772,2789, 2806, 2823, 2840, 2859, 2876, 2893, 2910,
and 2927. The nucleotide sequences of SEQ ID NOS: 2, 19,
36, 53, 70, 87, 104, 121, 138, 155, 172, 189, 206, 223, 240,
257, 274, 291, 308, 325, 342, 359, 376, 393, 410, 427, 444,
461, 478, 495, 512, 529, 546, 563, 580, 597, 614, 631, 648,
665, 682, 699, 716, 733, 750, 767, 784, 801, 818, 835, 852,
869, 886, 903, 920, 937, 954, 971, 988, 1005, 1022, 1039,
1056,1073,1090,1107,1124,1141,1158,1175,1192, 1294,
1311, 1328, 1345, 1362, 1379, 1396, 1413, 1430, 1447, 1464,
1481, 1498, 1515, 1532, 1549, 1566, 1583, 1600, 1617, 1634,
1651, 1668, 1685,1702, 1719, 1736, 1753, 1770, 1787, 1804,
1821, 1838, 1855, 1872, 1889, 1906, 1923, 1940, 1957, 1974,
1991, 2008, 2025, 2042, 2059, 2076, 2093,2110,2127,2144,
2161,2178,2195,2212,2229,2246,2263,2280,2297,2314,
2331,2348,2365,2382,2399,2416,2518,2535,2552, 2569,
2603,2620,2637,2654,2671,2688,2705,2722,2739, 2756,
2773,2790,2807,2824,2841,2857, 2858, 2860, 2877, 2894,
2911, and 2928 are placed into expression vectors using tech-
niques standard in the art. The vectors are then provided to
cells such as bacteria cells or eukaryotic cells such as S19 cells
or CHO cells. In conjunction with the normal machinery in
present in the cells, the vectors comprising SEQ 1D NOS: 2,
19,36,53,70,87,104,121,138, 155,172, 189,206,223, 240,
257, 274, 291, 308, 325, 342, 359, 376, 393, 410, 427, 444,
461, 478, 495, 512, 529, 546, 563, 580, 597, 614, 631, 648,
665, 682, 699, 716, 733, 750, 767, 784, 801, 818, 835, 852,
869, 886, 903, 920, 937, 954, 971, 988, 1005, 1022, 1039,
1056,1073,1090,1107,1124,1141,1158,1175,1192, 1294,
1311, 1328, 1345, 1362, 1379, 1396, 1413, 1430, 1447, 1464,
1481, 1498, 1515, 1532, 1549, 1566, 1583, 1600, 1617, 1634,
1651, 1668, 1685,1702, 1719, 1736, 1753, 1770, 1787, 1804,
1821, 1838, 1855, 1872, 1889, 1906, 1923, 1940, 1957, 1974,
1991, 2008, 2025, 2042, 2059, 2076, 2093,2110,2127,2144,
2161,2178,2195,2212,2229,2246,2263,2280,2297,2314,
2331,2348,2365,2382,2399,2416,2518,2535,2552, 2569,
2603,2620,2637,2654,2671,2688,2705,2722,2739, 2756,
2773,2790,2807,2824,2841,2857, 2858, 2860, 2877, 2894,
2911, and 2928 produce the polypeptides of SEQ ID NOS: 1,
18,35,52,69,86,103,120,137,154,171, 188,205,222, 239,
256, 273, 290, 307, 324, 341, 358, 375, 392, 409, 426, 443,
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460, 477, 494, 511, 528, 545, 562, 579, 596, 613, 630, 647,
664, 681, 698, 715, 732, 749, 766, 783, 800, 817, 834, 851,
868, 885, 902, 819, 936, 953, 970, 987, 1004, 1021, 1038,
1055,1072,1089,1106,1123,1140,1157,1174,1191, 1293,
1310,1327,1344, 1361, 1378, 1395, 1412, 1429, 1446, 1463,
1480,1497,1514,1531,1548,1565,1582,1599, 1616, 1633,
1650,1667,1684,1701,1718,1735,1752,1769, 1786, 1803,
1820,1837, 1854, 1871, 1888, 1905, 1922, 1939, 1956, 1973,
1990,2007, 2024, 2041, 2058, 2075,2092, 2109, 2126, 2143,
2160,2177,2194,2211,2228,2245,2262,2279,2296,2313,
2330,2347,2364,2381,2398,2415,2517,2534,2551, 2568,
2602,2619,2636,2653,2670,2687,2704,2721,2738, 2755,
2772, 2789, 2806, 2823, 2840, 2859, 2876, 2893, 2910, and
2927. The polypeptides of SEQ ID NOS: 1, 18, 35, 52, 69, 86,
103, 120, 137, 154, 171, 188, 205, 222, 239, 256, 273, 290,
307, 324, 341, 358, 375, 392, 409, 426, 443, 460, 477, 494,
511, 528, 545, 562, 579, 596, 613, 630, 647, 664, 681, 698,
715,732,749, 766, 783, 800, 817, 834, 851, 868, 885, 902,
819, 936,953,970, 987, 1004, 1021, 1038, 1055, 1072, 1089,
1106,1123,1140,1157,1174,1191,1293,1310, 1327, 1344,
1361,1378, 1395, 1412, 1429, 1446, 1463, 1480, 1497, 1514,
1531,1548,1565,1582,1599, 1616, 1633, 1650, 1667, 1684,
1701,1718,1735,1752,1769, 1786, 1803, 1820, 1837, 1854,
1871, 1888, 1905, 1922, 1939, 1956, 1973, 1990, 2007, 2024,
2041,2058,2075,2092,2109,2126,2143,2160,2177,2194,
2211,2228,2245,2262,2279,2296,2313,2330,2347, 2364,
2381,2398,2415,2517,2534,2551,2568,2602,2619, 2636,
2653,2670,2687,2704,2721,2738,2755,2772,2789, 2806,
2823, 2840, 2859, 2876, 2893, 2910, and 2927 are then iso-
lated and/or purified. The isolated and/or purified polypep-
tides of SEQ ID NOS: 1, 18, 35, 52, 69, 86, 103, 120, 137,
154, 171, 188, 205, 222, 239, 256, 273, 290, 307, 324, 341,
358, 375,392, 409, 426, 443, 460, 477, 494, 511, 528, 545,
562, 579, 596, 613, 630, 647, 664, 681, 698, 715, 732, 749,
766, 783, 800, 817, 834, 851, 868, 885, 902, 819, 936, 953,
970, 987, 1004, 1021, 1038, 1055, 1072, 1089, 1106, 1123,
1140,1157,1174,1191,1293,1310, 1327, 1344, 1361, 1378,
1395,1412, 1429, 1446, 1463, 1480, 1497, 1514, 1531, 1548,
1565,1582,1599,1616, 1633, 1650, 1667, 1684,1701, 1718,
1735,1752,1769, 1786, 1803, 1820, 1837, 1854, 1871, 1888,
1905,1922, 1939, 1956, 1973, 1990, 2007, 2024, 2041, 2058,
2075,2092,2109,2126,2143,2160,2177,2194,2211, 2228,
2245,2262,2279,2296,2313,2330,2347,2364,2381, 2398,
2415,2517,2534,2551,2568,2602,2619, 2636,2653, 2670,
2687,2704,2721,2738,2755,2772,2789, 2806, 2823, 2840,
2859,2876,2893,2910, and 2927 are then each demonstrated
to have one or more of the activities provided in Table 1.

The isolated and/or purified polypeptides of SEQ ID NOS:
1, 18, 35, 52, 69, 86, 103, 120, 137, 154, 171, 188, 205, 222,
239, 256, 273, 290, 307, 324, 341, 358, 375, 392, 409, 426,
443, 460, 477, 494, 511, 528, 545, 562, 579, 596, 613, 630,
647, 664, 681, 698, 715, 732, 749, 766, 783, 800, 817, 834,
851, 868, 885, 902, 819, 936, 953, 970, 987, 1004, 1021,
1038,1055,1072,1089, 1106, 1123,1140,1157,1174, 1191,
1293,1310, 1327, 1344, 1361, 1378, 1395, 1412, 1429, 1446,
1463,1480,1497,1514,1531, 1548, 1565, 1582,1599, 1616,
1633,1650, 1667,1684,1701,1718,1735,1752,1769, 1786,
1803, 1820, 1837, 1854, 1871, 1888, 1905, 1922, 1939, 1956,
1973,1990, 2007, 2024, 2041, 2058, 2075, 2092,2109, 2126,
2143,2160,2177,2194,2211,2228,2245,2262,2279, 2296,
2313,2330,2347,2364,2381,2398,2415,2517,2534, 2551,
2568,2602,2619,2636,2653,2670,2687,2704,2721, 2738,
2755,2772,2789, 2806, 2823, 2840, 2859, 2876, 2893, 2910,
and 2927 are placed in an extracellular transcription system
and are demonstrated to have activity in transcription or
modulating transcription.
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Example 2

Transcriptional Control Using Catabolite-Responsive
Elements from Alicyclobacillus acidocaldarius

Provided in SEQ ID NOS: 2857, 2858, 2860, 2877, 2894,
2911, and 2928 are nucleotide sequences isolated from Ali-
cyclobacillus acidocaldarius. The nucleotide sequences of
SEQID NOS: 2857, 2858, 2860, 2877,2894, 2911, and 2928
are placed into expression vectors and functionally linked to
a reporter gene using techniques standard in the art. The
vectors are then provided to cells such as bacteria cells or
eukaryotic cells such as Sf9 cells or CHO cells. In conjunc-
tion with the normal machinery in present in the cells, the
vectors comprising SEQ ID NOS: 2857, 2858, 2860, 2877,
2894, 2911, and 2928 attempt to produce the protein coded
for by the reporter gene in an environment designed to assay
the function of a catabolite-responsive element. The cells are
then assayed for the presence or absence and/or level of the
reporter gene product. SEQ ID NOS: 2857, 2858, 2860, 2877,
2894, 2911, and 2928 are then each demonstrated to have
activity as a catabolite-responsive element.

All references, including publications, patents, and patent
applications, cited herein are hereby incorporated by refer-
ence to the same extent as if each reference were individually
and specifically indicated to be incorporated by reference and
were set forth in its entirety herein.

While this invention has been described in certain embodi-
ments, the present invention can be further modified within
the spirit and scope of this disclosure. This application is
therefore intended to cover any variations, uses, or adapta-
tions of the invention using its general principles. Further, this
application is intended to cover such departures from the
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present disclosure as come within known or customary prac-
tice in the art to which this invention pertains and that fall
within the limits of the appended claims and their legal
equivalents.
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What is claimed is:

1. An expression vector comprising a nucleic acid encod-
ing a polypeptide having at least 95% sequence identity to
SEQ ID NO: 2126 and wherein the polypeptide is a Sigma-
54-dependent transcriptional activator.

2. The expression vector of claim 1, wherein the polypep-
tide is a Sigma-54-dependent transcriptional activator at a
temperature at or above 50 degrees Celsius.

3. The expression vector isolated of claim 1, wherein the
polypeptide has 100% identity to SEQ ID NO: 2126.

4. The expression vector isolated of claim 1, wherein the
nucleic acid has at least 95% identity to SEQ ID NO: 2127.

5. The expression vector isolated of claim 1, wherein the
nucleic acid has 100% identity to SEQ ID NO: 2127.

6. A cell comprising the expression vector of claim 1.

7. A method of modulating transcription or transcriptional
control at temperatures at or above 25 degrees Celsius, the
method comprising providing to a transcriptional system the
expression vector of claim 1.
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8. The method according to claim 7, wherein providing to
atranscriptional system expression vector of claim 1 occurs at
a temperature at or above 50 degrees Celsius.

#* #* #* #* #*
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